I*I Innovation, Sciences et Innovation, Science and CA 2680537 C 2018/10/16

Développement economique Canada Economic Development Canada
Office de |la Propriete Intellectuelle du Canada Canadian Intellectual Property Office (11)(21) 2 680 537
(12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2008/03/06 (51) CLInt./Int.Cl. GOTN 33/53 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2008/09/18 GOTN 33/66(2000.01)
2 1; . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2018/10/16 BAHRAMI SOHEYL AT:
(85) Entree phase nationale/National Entry: 2009/09/11 WOLOSZCZUK, WOLFGANG, AT
(86) N° demande PCT/PCT Application No.: AT 2008/000082 HAWA, GERHARD, AT

(87) N° publication PCT/PCT Publication No.: 2008/109903 (73) Proprietaire/Owner:

o o THE ANTIBODY LAB GMBH, AT
(30) Priorites/Priorities: 2007/03/12 (AT A 389/2007);
2007/11/19 (EPO7450202.2) (74) Agent: NEXUS LAW GROUP LLP

(54) Titre : DIAGNOSTIC DE COMPLICATIONS SEPTIQUES
(54) Title: DIAGNOSIS OF SEPTIC COMPLICATIONS

CNP TBI
12 —— e S ——re - ~
Medi| 33
= SURY eyt i
10 +—————— —o— NON-SURV _
§ —
o |
2 g - — e
=
- 2N
4 \L T
; ; “P A=, " L L
0 i I | T T | R A S 7 T I I ] T
| ) 1 2 3 | h | 7 B LY 10 17T 12 183 14 15
days post Trauma

(57) Abréegée/Abstract:

The Invention describes a method for diagnosing of septic complications in polytraumatised human or animal patients, said patients
being free of traumatic brain Injury, by determining the level of the C-type natriuretic peptide (CNP), its precursors or fragments
thereof, especially the precursor of the C-type natriuretic peptide (NT-proCNP), In this patient and diagnosing the patient a having
septic complications or being at risk of developing septic complications, If the level of CNP, its precursors or fragments thereof,
especlally NT-proCNP, Is increased compared to normal levels.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



08/109903 A1 IHI V! 00 !0 ¢ 00 ER ) 0

CA 02680537 2009-09-11

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization |3

International Bureau

(43) International Publication Date
18 September 2008 (18.09.2008)

(51) International Patent Classification:
GOIN 33/68 (2006.01)

(21) International Application Number:
PCT/AT2008/000082

(22) International Filing Date: 6 March 2008 (06.03.2008)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

A 38972007 12 March 2007 (12.03.2007) AT
07450202.2 19 November 2007 (19.11.2007) EP
(71) Applicant (for all designated States except US):

BIOMEDICA MEDIZINPRODUKTE GMBH &
CO KG [AT/AT]; Divischgasse 4, A-1210 Vienna (AT).

(72)
(75)

Inventors; and

Inventors/Applicants (for US only): BAHRAMI, So-
heyl [AT/AT]; Teichgasse 21, A-2434 Gotzendorf (AT).
WOLOSZCZUK, Woligang [AI/AT], Mattiellistrasse
3/32, A-1040 Vienna (AT). HAWA, Gerhard [AT/AT];
Untere Kaistrasse 24/6/8, A-1100 Vienna (AT).

(54) Title: DIAGNOSIS OF SEPTIC COMPLICATIONS

(10) International Publication Number

WO 2008/109903 A1l

(74) Agent: SONN & PARTNER; Riemergasse 14, A-1010
Vienna (Al).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, 1.C,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL., SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 1,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CFE, CG,

CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
of inventorship (Rule 4.17(iv))

[Continued on next page]

Fig2B CNP TBI
12 , .
= SURV =l
10 —o— NON-SURVY
g8
y
g 6
-

N
L
4 b

0 .g i
-1 0 1 2 3

3

¢

= =

7 8 O

4 —l%l-
Br i

10 11 12 13 14 15

days post Trauma

& (57) Abstract: The invention describes a method for diagnosing of septic complications in polytraumatised human or animal pa-
e\ tients, said patients being free of traumatic brain injury, by determining the level of the C-type natriuretic peptide (CNP), its precursors
or fragments thereof, especially the precursor of the C-type natriuretic peptide (NT-proCNP), in this patient and diagnosing the pa-
tient a having septic complications or being at risk of developing septic complications, if the level of CNP, its precursors or fragments
thereof, especially NT-proCNP, is increased compared to normal levels.
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DIAGNOSIS OF SEPTIC COMPLICATIONS

The present invention relates to the diagnosis of septic compli-
cations.

The term "sepsis" has been used to describe a variety of clini-
cal conditions related to systemic manifestations of inflamma-
tion accompanied by an infection. Because of clinical similari-
ties to inflammatory responses secondary to-non-infectious aeti-
ologies, identifying sepsis has been a particularly challenging
diagnostic problem. In this respect, definitions have been pro-
vided for "Systemic Inflammatory Response Syndrome" (or "SIRS"),
which refers generally to a severe systemic response to an in-
fectious or non-infectious insult, and for the related syndromes
"sepsis," "severe sepsis,"” and "septic shock (Bone et al., Chest
101:1644-53, 1992). SIRS may be related to both infection and to

numerous non-infective aetiologies, including trauma.

Despite the availability of antibiotics and supportive therapy,
sepsis represents a significant cause of morbidity and mortal-
ity. Several laboratory tests have been investigated for use, in

conjunction with a complete clinical examination of a subject,

"~y

for the diagnosis/prognosis of sepsis (Giamarellos-Bourboulis et
al., Intensive Care Med. 28: 1351-56, 2002).

Several molecular markers have been discussed to facilitate di-~
agnosis and treatment monitoring of sepsis in humans and several
animal species. The most widely used ones may be CRP (C-reactive

protein) and PCT (procalcitonin). Also various interleukins have

been discussed as potential biomarkers of sepsis. However they
are of limited use at present because of a lack of specificity.
For example, Carrigan et al. (Clinical Chemistry 50 (8) (2004)
1301-1314) reported the following sensitivities and specifici-
ties for these markers in humans:



CA 02680537 2009-09-11
WO 2008/109903 PCT/AT2008/000082

Po—

RES annlys:
Kk A2 pooRE Dihnll prngs: 5?{{5&!&“}1 % Epsciitetly. % Refsrenzel studles
TMFe Adults 1.5 agdl 55 GG §20)
Naghatas AZ-300 gL &7 79,85 43ITIIRE (28, 81 637
L wditilg 0200 B A B JBT A0 IC N g fay, A5, Wy, G0}
Megrmtas 360w TR B T 3771 408 (25 9, &1, 63, 70wiR)
fodra Chidram H&ES 33 i3 {85}
Phenriatas ALA ik 93 bl {1
P RS &dules AC-Fd #EA 5T I6IAGH BFivBsa% (30 84, 85}
Wapnaves Gt rgdl a2 Ty (&1
CRP Sduln oA B s, IHETEN NRCES 2L N {30, 38, 26, A8, 4K 06, B8 837
Moenates 128 mgl, A BB 0 AN {22, 26, 83 V0, 808 %
LT Arults {,48-8.1 sl S 9307 48 %30 (20 B5-38, 43 46, 85, 85, 28, 132, 123
PESCNARS 1,061 puft IR AN B2/RIHL ok &2 8 G0 "

By Hered ore R gitterering fnlesled Xaandls ooy unkaobead costmls reilae IS0 nom Psiiy sutidbmk CEyraniaag Sod soecssitiew Haied s
SR OHOTRYL, Py I Deiddlh, a0 fTSSdIails DOISOIINENE,
O L R S T

VRNV VY

These data show that even in humans, where septic disease pat-

terns are extensively investigated, sensitivity and speclficity

of current markers can (even as mean values) come done to as low

as 33% and 66% respectively, not to mention the 1n homogeneilty

of presently published data.

These data show that there is definitely a need for new diagnos-

tic markers with improved clinical characteristics. Therefore,

g

the diagnosis of sepsis, especially early diagnosis of sepsis,

is still a great need in clinical medicine. An optimum diagnosis

should reveal persons with a risk of developing sepsis or per-

grm—
—

sons being at an early stage of sepsis. The use of CNP and NT-

proCNP in animal sepsis models or as sepslis markers has been
suggested or disclosed in WO 01/14885 A2, Hama et al. (BBRC 198
(3) (1994): 1177-1182), Prickett et al. (The New Zealand Medical
Journal 115 (1157) (2002): page 6) or WO 2006/071583 AZ.

However, diagnosis of sepsis turned out to be diverse and com-

plicated in specific areas, especially in intensive care medi-

cine. In these areas, sepsis markers described are often not re-

liable enough. Specifically in multiply traumatised patients

P

such a diagnosis 1is often very difficult because of other patho-

logical processes interfering with the “normal” physiological

values and parameters measured in standard intensive care medi-

ciline.

Diagnosis of septic complications in polytraumatised patients 1s
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a very specific problem for which a high need exists 1n inten-
sive care medicine.

It 1s therefore an object of the present invention to provide a
suitable method for diagnosing sepsis in patients which are al-

ready 1n intensive care, specifically in polytraumatised pa-
tients.

Accordingly, the present 1nvention provides a method for diag-
nosing of septic complications 1in polytraumatised human pa-
tients, sald patients being free of traumatic brain injury, by
determining the level of the human C-type natriuretic peptide
(CNP) or 1its precursors or fragments thereof, especially the N-
terminal fragment of the precursor of the C-type natriuretic
peptide (NT-proCNP) in this patient and diagnosing the patient
having septic complications or being at risk of developing sep-
tic complications, 1f the level of NT-proCNP is increased com-
pared to normal levels.

Specifically in intensive care medicine of human patients, CNP
turned out to be an excellent diagnostic tool for diagnosing of
septic complications 1n polytraumatised patients, however, sur-
prisingly the present diagnosis has a high reliability and ex-
cellent robustness only for those patients which are free of
traumatic brain injury.

Within the course of the present invention, clinical data were
collected which show that the use of human CNP, i1its precursors

or fragments of these precursors is beneficial for identifying

patients with sepsis in a specific group of patients, especially
early stage sepsis or even persons with a risk of developing
sepsis. Specifically NT-proCNP, the N-terminal fragment of the
C~type natriuretic peptide (CNP) precursor has proven to be a

suitable diagnostic/prognostic marker related to sepsis 1in the

stratification of risk of sepsis in multiply traumatised pa-

tients. This molecule 1is specifically suitable due to 1its sta-

bility, abundance and easiness for becoming detected.

Natriuretic peptides play an important role in sodium regulation

and blood pressure control. CNP is a member of the natriuretic
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peptide family which is produced in wvascular endothelial cells
and may play an important paracrine role in the wvasculature. The
atrial natriuretic peptide (ANP) and brain natriuretic peptide
(BNP) strongly stimulate the secretion of CNP. BNP causes much
greater stimulatory effect than the ANP, and ANP also signifi-
cantly enhanced the production of new CNP protein (translation)
and mRNA expressed in the bovine arterial endothelial cells.

Plasma natriuretic peptide levels are influenced by a number of
factors including age and gender. In a healthy population,
plasma levels of N-terminal ANP (NT-ANP), BNP and NT-BNP were
variably influenced by clinical covariates. While all three pep-
tides were higher in women, only NT-ANP and NT-BNP were influ-
enced by age. Levels of all peptides were 1inversely correlated
with heart rate. In contrast to NT-ANP and NT-BNP, plasma BNP

was not influenced by age. Plasma natriuretic peptide levels

have been considered for the diagnosis of heart failure. BNP and
NT-ANP were noted being markedly elevated in the majority of pa-
tients with pacemakers. Plasma N-terminal proBNP concentrations

have been reported to increase as a result of impaired systolic

function, age, impaired renal function, cardiac ischemia and

enlargement, and certain medications. An increase in plasma N-

terminal proBNP has been considered as an earlier sign of abnor-
mal cardiac function than abnormalities identified by echocar-
diographic measurements. In this respect, it has been suggested
that consideration of both NT-ANP and NT-BNP identifies a

greater number of patients at risk of death or heart <failure

than either peptide alone (Squire IB et al. (Clin Sci (Lond).
2004 Sep; 107(3):309-16)).

CNP has been shown to be produced by the heart in patients with

chronic heart failure but to a much lesser extent than ANP or

BNP. Furthermore it expressed in high amounts in the brain and

the Endothelium. The potential of plasma amino-terminal C-type
natriuretic peptide (NT-CNP) as a marker of cardiac function was
investigated in symptomatic patients. These findings suggest a

possible compensatory response from the peripheral vasculature

to heart failure by the endothelium-based vasodilator peptide
CNP.
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Whereas CNP can be applied on a broad basis in humans and ani-
mals as a marker for sepsis, it should be kept in mind that
presence of specific indications have always to be considered
where a single marker is not necessarily sufficient due to spe-

cific circumstances which c¢ould hide or counter—-act a marker

function of a given marker.

It was, however, surprising that this CNP, its precursors and

fragments thereof, especially NT-proCNP, are sultable markers

for sepsis in polytraumatised human patients. Remarkably, the

relevance of sepsis diagnosis according to the present invention
in polytraumatised human patients is significantly pronounced in
a specific group of patients: polytraumatised (i.e. multiply
traumatised) patients (i.e. patients with more than one trauma),
except patients with traumatic brain injury. In a study per-
formed in the course of the present invention, the long term
profiles of NT-proCNP, the N-terminal fragment of the CNP pre-

cursor, in multiply traumatised patients with and without trau-

matic brain inijury (TBI) was examined with relationship to sep-
tic complications and outcome (NT-proCNP was chosen because 1it
circulates in higher amounts and is more stable than the active
hormone CNP, nevertheless all CNP precursors and fragments
thereof (if detectable in principle in a patient) can be used in
principle for the assessment according to the present invention,
vet the use of stable and easy-to-detect forms 1s of course pre-
ferred for the use in clinical practice). Multiply traumatised
patients (MTP) with or without TBI verified by computer tomogra-

phy were assessed with respect to their NT-proCNP-profiles. Dis-

tinct NT-proCNP profiles in patients with or without TBI were

surprisingly found. While NT-proCNP levels were significantly
higher in MTP developing septic complication without TBI, NT-

proCNP levels were lower in MTP with TBI developing septilc com-

plications. In non-survivors NT-proCNP levels increased dramati-

cally before death. Remarkably, NT-proCNP plasma profiles differ

distinctly between MTP with and without TBI, developing septic
complications.

The terms "sepsis" or “septic complications” are used synony-
mously in the present application and are understood to encom-

pass “sepsis”, “septic complications”, "severe sepsis"”, , "sep-
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tic shock”, "Systemic Inflammatory Response Syndrome" (or
"SIRS") and even earlier stages thereof, all symptoms being re-
lated to systemic manifestations of inflammation accompanied by

an infection.

Of course, the present diagnosis 1s applied on polytraumatised
patients who are suspected to have septic complications and/or
patients who are at risk of developing septic complications. Di-
agnosis according to the present invention 1s always made with a
view to the septic complications. This 1s self-understanding in
view of the diagnostic history of CNP being known as a marker
for chronic heart failure. Also in that connection, CNP levels

have been analysed with a view to cardiac function to correlate

this CNP marker with other diagnosis markers. Therefore, the
present sepsis diagnosis using CNP as a marker 1s not necessar-
ily suitable as an “absolute” marker, but is useful for serving
in the diagnosis whether sepsis is present or to be expected in

a patient or not. This diagnosis guestion 1s, however, only

asked, if septic complications are suspected or there 1is a risk

of sepsis 1n a given patient.

Preferably, the level of CNP, 1its precursors or fragments
thereof, especially NT-proCNP, in a patient is determined by de-
termining the amount of CNP, its precursors or fragments
thereof, especially NT-proCNP, in a blood, serum or plasma sam-
ple of the patient. Although determination of this level accord-
ing to the present invention is also possible in other tissue or
body fluids of the patients (e.g. in liguor, lymph fluid, urine,
etc.), samples derived from the blood of the patients are pre-
ferred, because such samples are present anyway and levels of

the marker according to the present inventlion are easily detect-

able. Tissue samples are usually not practical in view of the

intensive care patients' general state.

In the method according to the present invention the determined

level of CNP, its precursors or fragments thereof, especially
NT-proCNP, 1is wusually compared to “normal” levels by routine
methods (e.g. by knowledge of the normal levels or by directly
comparing the determined level to levels measured 1n patients

without sepsis or without risk of developing sepsis). This com-
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parison can also be made to comparing previous determinations of
the same patient showing “normal” levels. On the other hand, the
diagnosis may also be based on the knowledge or parallel deter-
minations of “sepsis” levels of CNP, its precursors or fragments
thereof, especially NT-proCNP (e.g. of patients having already
developed sepsis). Therefore, a preferred method according to
the present invention is characterised 1in that the normal level
is the level of a polytraumatised patient without having septic

complications or without being at risk of developing septic com-
plications.

It is also possible to compare the result of the CNP determina-
tion to absolute wvalues, if the method for determination is
suitable to provide such absolute values. Also here, the use of
NT-proCNP is preferred, because such absolute wvalues (or: criti-

cal values above which indication of sepsis is likely) can eas-

ily be provided for this fragment of pre-proCNP (the precursor

of CNP and NT-proCNP). For example for Eurasians “Ynormal”
lengths of NT-proCNP are within 2-2.5 pico-mol/l. Increased lev-
els (e.g. preferably at least 50% above the normal level, more
preferred at least 70% above the normal level, especially at
least 100% above the normal level (normal level of a given set

of people normally used in medical diagnostics (e.g. race, risk-

factors (nutritional behaviour, etc.)) are indicative for the
method of the present invention for diagnosing septic complica-
tions. Accordingly, it is preferred that the patient is diag-

nosed to have septic complications or is at risk of developing

septic complications, 1f the level of NT-proCNP 1s higher than 4
pM (pico-mol/1).

Preferably, NT-proCNP is determined by using anti-NT-proCNP an-

tibodies. Of course, any other of CNP, 1ts precursors or frag-

ments thereof is also preferably determined using specific anti-
bodies thereto.

Sepsis 1s also a problem 1n veterlinary medicine, 1.e. for non-
human animals as patients (“animal-patients”). In veterinary

medicine there is research on basically the same parameters as

used in human medicine. For example, in the study of Pusterla et
al. (Am.J.Vet.Res. 67(6) (20006), 1045-1049), TNF-alpha, inter-
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leukin (IL)-1lbeta, IL-6, IL-8, IL-10, procalcitonin (PCT), and
transforming growth factor (TGF)-beta have been investigated by
PCR methods. However, well established immunoassays with suffi-

clent cross reactivity or specific for the analogues molecule
circulating 1n wvarious animal species are still missing yet.
This lack of suitable assays is very surprising, because there
1s an urgent need larger market for such tests, especially for
companion animals like dogs, cats and horses. People are willing
to spend high amounts on animal care because of emotional rela-
tionship to the pets or because of the value of the animals
(racing sports, valuable breed animals; for example, in 2006, US
citizens spent 38.5 billion U$ for their pets. About a guarter
of that sum was used for veterinary services. It follows that
also 1in the wveterinary field, suitable diagnosis of sepsis is
highly needed.

Accordingly, the present invention provides a method for diag-
nosing of septic complications in polytraumatised animal pa-
tients, said patients being free of traumatic brain injury, by
determining the level of the C-type natriuretic peptide (CNP) or
its precursors or fragments thereof, especially the N-terminal
fragment of the precursor of the C-type natriuretic peptide (NT-
proCNP) in this patient and diagnosing the patient having septic
complications or being at risk of developing septic complica-

tions, 1f the level of NT-proCNP is increased compared to normal
- Levels.

Preferred animal patients to be diagnosed according to the pre-

sent 1nvention are mammals of high scientific or individual

value, especially cattle, deer, zoo animals, pets, laboratory

animals or working animals. Of course, the invention 1is re-

stricted to animals having CNP, especially in a comparable func-
tion to humans. Animal patients which are specifically preferred
in the present invention are bovine, sheep, goat, horse, donkey,
vak, pig, rat, mouse, cat, dog, hamster, fish, frogs, reptiles,
guinea plg, elephant, bear or monkey patients. In fact, the sur-
prisingly good reactivity of the human antibodies despite the
sequence discrepancies with the canine/feline NT-proCNP or with
other animal NT-proCNP (and vice versa) shows that the assay ac-

cording to the present invention may work on all animals where
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CNP is known to be present (even with cross reacting antibodies
from differing species).

In clinical practice, especially in intensive care medicine, NT-
proCNP is preferably determined by using an immunoassay kit for
human or animal NT-proCNP. For this purpose, an immunoassay for
human or animal NT-proCNP or an antigenic fragment thereof or
even a polypeptide extension thereof lacking CNP activity
wherein the primary binding partner therefore 1s a monoclonal or
polyclonal antibody to these molecules may be used according to
the present invention. Methods of immunoassay are of course well
known in the art eg. RIA, ELISA, fluorescence immunoassay . (FIA)
or dry chemistry test strip immunoassays. Such an immunoassay
will, 1in general, use a monoclonal or polyclonal antibody

against CNP, its precursors or fragments thereof, especially NT-

proCNP, in a method according to the present invention in immo-

bilised form, e.g. on microtiter plates, membranes or beads, to

isolate e.g. the target NT-proCNP compound. In a sandwich assay,

the bound antigen may be labelled using additional soluble anti-
body according to the invention, which may be monoclonal or
polyclonal and which may either carry a label or, more conven-
iently, may itself be labelled subsequently by reaction with a
secondary antibody carrying a label.

A specifically preferred immunoassay 1s the NT-proCNP assay de-
veloped by Biomedica Gruppe (AT) based on polyclonal anti-NT-
proCNP antibody-precoated microtiter devices.

Thus, 1if the primary antibody according to the 1nvention 1is

raised 1in mice or rabbits, the labelled secondary antibody may

be an anti-mouse or anti-rabbit antibody.

Suitable labels include radionucleides, fluorescent substances

eg. Buropium based fluorogens, enzymes, for example as used in

ELISA systems employing automated hybrid methods or dyes or col-
oured particles such as colloidal gold.

Alternatively, a competitive binding assay may be used, wherein
a known quantity of e.g. labelled human NT-proCNP or antigenic

fragment or inactive extension thereof, 1s added to the analyte
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solution and contacted with a limited gquantity of the immobi-
lised monoclonal or polyclonal antibody, whereby the amount of
labelled antigen which is immobilised is inversely proportional

to the amount of target antigen present in the analyte.

The invention also comprises the use of a kit for immunoassay of

human or animal CNP, its precursors or fragments thereof, espe-
cially NT-proCNP, for the diagnosing method according to the
present invention, the kit comprising:

(a) a monoclonal or polyclonal antibody to CNP, 1its precursors
or fragments thereof, especially NT-proCNP, in immobilised form
and, at least one further component selected from;

(b) a labelled sample of CNP, its precursors or fragments
thereof, especially NT-proCNP;

(c) said monoclonal or polyclonal antibody in non-immobilised
form;

(d) a labelled secondary antibody specific to said antibody (c).

The presént invention therefore has significant use especially
in the in hospital intensive care setting where monitoring of
this parameter is advantageous.

As stated above, the body fluid on which the immunocassay 1s per-
formed may be any body fluid in which the human or animal NT-
proCNP is located, but conveniently will be plasma or serum. In
some cases it may be convenient to extract the peptide, or oth-

erwise treat the sample prior to assay.

The CNP, its precursors or fragments thereof, especially NT-

proCNP, and antibodies thereto in the kits for diagnosing animal
patients according to the present invention have to be provided
either with the homologous protein(s) (including the precursors
or fragments) and antibodies thereto or with heterologous pro-
teins (i.e. CNP, its precursors or fragments from another spe-
cies) which enable cross-reactive antibodies. Accordingly, the
kit according to the present invention can, especially for ani-
mal patients, contain the homologous CNP, 1ts precursors Or
fragments thereof, especially NT-proCNP, and monoclonal and/or
polyclonal antibodies to such homologous CNP, 1its precursors Or

fragments thereof, or contain heterologous CNP standards and
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cross—reactive antibodies. It was specifically surprising that
e.g. a dog or cat CNP protein or peptide can be recognized by an
e.g. human antibody against CNP, because - despite relatively
high homologies between CNP from various animals and human - for

e.g. proANP 1 or 2 amino acid exchanges have shown to be suffi-

cient for completely eliminating immune reactivity.

The invention is further described by the following examples and

the drawing figures, yet without being restricted thereto.

Fig.l shows the CNP profile in MT patients without TBI
with/without septic complications (Fig.l1lA), the CNP profile in
MT patients with isolated TBI with/without septic complications

(Fig.1B) and the CNP profile in MT patients with TBI
with/without septic complications (Fig.1C):;

F1g.2 shows the CNP profile in MT patients without TBI (survi-
vors/non-survivors; Fig.2A), the CNP profile in TBI patients

(survivors/non-survivors; Fig.2B) and the CNP profile in TBI

plus MT patients (survivors/non-survivors; Fig.2C);

Fig.3 shows the ISS < 25 versus ISS 2 25 (sepsis/non-sepsis;
Fig.3A), ISS £ 25 wersus 1I8S =2 25 (survival/non-survival;
Fig.3B) and the related CNP profile by ISS = 25 wversus ISS 2 25
(Fig.3C).

Examples:
Example 1: Clinical Study in Polytraumatised Patients

A clinical study was performed by using the method according to
the present invention. In the present study the long term pro-
files of NT-proCNP, the N~terminal fragment of the CNP precur-
sor, 1n multiply traumatised patients with and without traumatic
brain injury (TBI) with relationship to septic complications and
outcome were determined (as stated above, NT-proCNP was chosen

because 1t circulates in higher amounts and is more stable than
CNP) .



CA 02680537 2009-09-11
WO 2008/109903 PCT/AT2008/000082

- 12 -~

PATIENTS AND METHODS

The study protocol is in accordance with the standards of the
Declaration of Helsinki. Following approval by the Ethics Com-
mittee of the Allgemeine Unfallversicherungsanstalt this retro-
spective study was carried out in all patients admitted to ei-
ther of the two participating level 2 trauma centers from Febru-
ary 2002 to September 2003. The following criteria were re-
quired for inclusion: isolated TBI, multiple trauma without (MT)
or with TBI (TBI+MT), admission to the trauma center within 8
hours after trauma, first blood sample drawn within 12 hours af-
ter trauma, Patient age > 17 years, Injury Severity Score (ISS)
> 1lb, treatment in the intensive care unit required. TBI was de-
fined as trauma to the brain with an aAbbreviated Injury Score
(AIS) 2 3 verified by computer-assisted tomography at admission.
Sepsis was defined as the combination of at least 2 of the 4

criteria of systemic inflammatory response syndrome (SIRS) in

combination with a septic focus or a positive blood culture for

+ 3 days. All retrospective NT-proCNP measurements were per-
formed from blood sampled for routine evaluation.

serum NT-proCNP was measured at admission and daily thereafter
during the following time intervals: < 12 hours, 12-24 hours,

and days 2 to 16 after trauma. All measurements were based on
the actual sample size at each time interval, since all patients
did not survive until day 16 after trauma. Whole blood was sam-
pled into sterile test tubes (Vacuette, Greiner Company, Vienna,
Austria). Samples were centrifuged at 1500 x g for 20 minutes
and serum was stored at =-70°C. NT-proCNP was measured (by NT-

proCNP enzyme Immunoassay of Biomedica (Austria). The lower de-
tection threshold of the assay is 0.55 pico-mol/l and the normal
range is 0 to 40 pico-mol/l.

Trauma management was carried out according to the Advanced

Trauma Life Support guidelines and the trauma management proto-
col. Analgosedation with sufentanil (Janssen & Cilag Pharma, Vi-

enna, Austria) and propofol (AstraZeneca, Vienna, Austria) was

administered during ventilatory support and all patients re-
celved combined parenteral and enteral nutritional support. A
Swan Gantz catheter (Arrow thermodilution catheter AH-050501®,
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Novomed Co, Vienna, Austria) was inserted when necessary to man-
ag
parenchymal catheters (Spilegelberg catheter 3PS®, Schwandtner

-

= hemodynamically highly unstable patients. Ventricular and/or

Co., Linz, Austria) were used to measure intracranial pressure -
in patients with TBI. Laboratory checks as well as neurological
follow—-ups were carried out daily by the same neurologist and
all patients were under clinical observation around the clock by

the attending anaesthesiologists and nursing team.

Statistics:

Serum NT-proCNP levels were compared during the respective time
intervals and statistically evaluated by Mann-Whitney U test re-

garding the occurrence of sepsis versus non-sepsis and mortality

(non-survival versus survival) with isolated TBI, MT with or

without TBI. Significance was corrected for multiple use accord-
ing to Hochberg & Benjamini (Stat Med. 1990 9:(7):811-8). P<
0.05 was considered statistically significant.

Cut~off NT-proCNP serum levels for sepsis prediction were deter-
mined separately for isolated TBI and for TBI with multiple
trauma during different time intervals after trauma (< 12 hours,

24 hours, and days 2 to 16 by receiver operating characteristic
(ROC) curve analysis (Metz, Sem.Nucl.Med. 1978 8 (4): 283-298)
of the maximum serum level during these time intervals after
trauma. The ROC curve plots sensitivity against 100 minus speci-
ficity, using a range of “cut-off” values for a positive predic-

—

tion. The area under the curve (AUC) is a measure of the accu-

racy of prediction with £ 0.5 by chance alone and increasing to
1 as the accuracy increases to 100% sensitivity and specificity.
Since positive and negative predictive values vary with mortal-
ity, sensitivity and specificity were added to have a disease-
prevalence 1ndependent parameter. Calculations were performed

using Medcalc statistical software (Medcalc Software, Mariak-
erke, Belgium).

RESULTS

The study included 53 patients whose demographic data are pre-
sented in Table 2.
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Table 2: Demographic data.

- T ——' All Patients Seps:Ls Nonﬁ:gepsis
Total (n) ' K 30 23
~ Male (n) ] , YA 27 l
“Female (n) - 6 T ,“ B

Age (Median)

{gl, q3) (32,48) (33,44}
 TBI (n)
~ MT (n) l 23 ]
~ TBI + MT (m) | 15 -
Cause of death TBI (n) 7 ‘ 1
Cause of death MOF (n) 5 4
Survivors (n) 41 R 25

Non~-Survivors (n)

1SS £ 25 (n)

I

!

I 12 - 5

I 21 7
ISS < 25 (@Ie‘dian) 20 ) 25

(gl, g3) I (15, 25) (13, 25)
.
I

ISS > 25 (n)

ISS > 25 (Median)

(gl, g3)

SIRS

NT-proCNP levels were significantly higher in MT patients with-
out TBI developing septic complications than non-septic pa-
tients. NT-proCNP levels were even lower in MT patients with TBI
developing septic complications than non-septic patients (Fig
1A,B). ROC curve analysis and calculation of the AUC of NT-
PproCNP for the prediction of sepsis in MT patients without TBI
are presented 1n table 3. The AUC values were found between

0.653 to 0.875 on days two to eight after trauma (with a maximum

achievable value of 1).

Table 3: Calculations according to receiver operating character-
1stic (ROC) curves
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Days af- | Disease ATIC + Confidence Cut off Sensitliv- Specifity
ter prevalenc qE interval value ity
trauma e (pmol /L)
0 71.4 0.762 0.468':‘ | 0.23 90.0 75.0
_ 0.940 _ b o
1 72.7 0.755 + A — 0.21 | 93.8 66.7
| 0.108 0.910
2 72.2 0.780 + 0 Ese B 1.60 87.5 ~ 83.3
0.101 0.926
- 6

-1 1 1 1 1 — "7

3 9.6  0.857 3 0:;49 - 2.24 k 93.8 85.7
0.079 0.965
4 69.6 | 0.866 + " 0.660 — 2.20 87.5  85.7
l l 0.076 9363
| 5 69.6 0.875 + 0.671 - 2.63 93.8 85.7
' l l 0.073 ¥=943 I
6 71.4 0.811 % 0.583 - . 1.04 100 66 .7
l 0.096 0.945 |
7 71.4 0.711 + 0.475 — 1.06 93.3 " 66.7
l 0.119 - 0.884 |
1 to 8 71.4 0.774 + 0.705 — | 2.31 81.6 76.0
3 D36 0.834 |
2 to 8 | 71.2 0.797 + 0.725 -} 2.31 89.0 |  75.0-
| 0.036 0.858 | |
l 1

NT-proCNP levels were higher in non-survivors than survivors

when multiple organ failure was the cause of death, but not when

was TBI (Fig. 2A, B). Plasma NT-proCNP levels 1in non-survivors

with TBI + MT did not significantly differ compared to the sur-

vivors during all time intervals after trauma (Fig. 2C).

Comparing patients with or without septic complications, the ISS
did not differ between groups with isolated TBI, TBI + MT, or MI

without TBI (Fig. 3A). ISS was markedly higher in non-survivors

versus survivors only in MT patients without TBI (Fig. 3B). NT-
proCNP levels did not differ between patients with ISS below or
above 16 (Fig. 3C).
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DISCUSSION

Few studies have compared the relative prognostic value of dif:—
ferent natriuretic peptides 1in polytraumatised patients. The
study according to the present invention relates to the identi-
fication and use of CNP, its precursors or fragments thereof,

especially NT-proCNP, as diagnostic/prognostic marker related to

sepsis in the stratification of risk of sepsis in multiply trau-
matised patients. According to the present 1invention CNP, its
precursors or fragments thereof, especially NT-proCNP, has been

investigated in multiply traumatised patients with and without
traumatic brain injury (TBI) with relationship to septic compli-
éations and outcome. NT-proCNP was chosen because it circulates
in higher amounts and is more stable than the active hormone
CNP. In the present study it was shown that NT-proCNP plasma
profiles differ distinctly between MT patients with and without
TBI, developing septic complications. Starting on day two after
trauma, plasma NT-proCNP levels were significantly higher in

multiply traumatised patients without TRBI, developing septic
complications compared to non-septic patients. In patients with

isolated TBI, developling sepsis the plasma NT-proCNP levels were

even lower than in non-septic patients at all time polints after

trauma, indicating different underlying regulatory mechanisms in

patients with or without TBI.

Comparing N-terminal ANP, BNP and CNP prohormones as early con-

gestive heart failure indicators, the ProANPs 31-67 was found as

the most sensitive marker 1in discriminating CHF subjects from

healthy individuals. In congestive heart failure patients plasma
CNP elevation has been related to clinical and functional dis-

ease sSeverity. In patients with various cardiovascular disor-

ders, the plasma level of CNP was found markedly 1ncreased in

patients with septic shock, while there was no alteration in pa-

tients with congestive heart failure or hypertension but there

was two-fold increase of the plasma CNP level in patients with
chronic renal failure. In the study according to the present in-
vention, ROC curve analysis and calculation of the AUC of NT-

ProCNP for the prediction of sepsis in MT patients without TBLI

revealed plasma NT-proCNP levels as a sensitive marker in dis-
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criminating patients with/without septic complications.

In the present study (in the meantime also published in Bahrami
et al., Inflamm. Res. 56 (Suppl2) (2007): S104 (A8l)), the post-
traumatic septic complications in each group (TBI, MT, TBI+MT)
were not related to the ISS. Similarly, plasma NT-proCNP levels
were not associated with the ISS and did not differ between pa-
tients with ISS below or above 25.

In multiply traumatised non-survivors (n = 2) without TBI,

plasma NT-proCNP levels were dramatically increased Dbefore
death. In contrast, in patients with isolated TBI plasma NT- .
proCNP levels were lower in non-survivors than survivors at all
time points. However the differences did not reach significant
levels, most likely because of limited number of patients in

each group.

CNP, but not ANP or BNP, has been recognized to relax human re-

sistance arteries by activating cyclic GMP-dependent kinase and
BKCa2+ channels. In addition, CNP has been reported to increase
myocardial contractile force with an increase in sinus rate me-
diated by guanylyl cyclase-linked natriuretic péptide receptors,
probably type B receptors in the dog heart, and suggesting that
the positive inotropic response to CNP is influenced by the cy-

clic adenosine 3, 5'-monophosphate (CAMP) ~dependent signal

transduction. Since CNP is widely present in endothelium it may

play a role in the regulation of peripheral resistance in man in

physiological and pathological circumstances. The pathophysi-
ologic relevance of CNP in septic setting is not clearly under-

stood vyet.

In summary, it could be shown with the present study that NT-

P

proCNP plasma profiles differ distinctly Dbetween MIP with and

without TBI, developing septic complications. According to the
ROC curve analysis and calculation of the AUC for the prediction
of sepsis in multiply traumatised patients without TB1 plasma

levels of CNP, its precursors or fragments thereof, especially

NT-proCNP, are sensitive markers in discriminating patients

with/without septic complications.

Example 2: Sepsis Diagnosis in Human and Animal Patients
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From the results obtained from human serum/plasma samples,
wherein the marker function of NT-proCNP for the diagnosis and

treatment monitoring of sepsis was shown (see also: Example 1

above), the marker function of CNP for sepsis in animals was in-
vestigated.

The antibodies used for collecting those data are directed

against amino acids 1-19 and 30-50 of human NT-proCNP.

r

The amino acid sequences of some species are available 1in the

literature for which homology data have already been acquired.
The following table summarises some of those data for the epi-

topes used in this investigation:

Table 4: amino acids 1-19 (A) and 30-50 (B) of human NT-proCNP

and wvarious animal species

(A)

—

 human proCNP IK PIG|A PIP.K

AP -l

1]2]3 4|5|6|7|8.» ]10 11
R

IreltproCIt\lP KIP G P|PlK VlP RI
| bovine proCNP KIPIGIA PlP KlVIP RI
l_sheeppro_gNP KIPIG[A PlP V P|R‘T
mouse proCNP |K P|G F’|P KV PI R I T

|mouse proCNP I G

l pig proCNP

pig proCNP K PIG 7 I P|K|V F’| R I T
(B)
30|31]32|33| 34| 35| 36| 37] 38 | 30| 40 | 41 | 42 | 43 | a4 | 25|

human proCNP | G DiK PIG Glg|A|N|L|K|G Dl R |

| rat proCNP G|p|k B8 clc|A|[N|L|K|G|D|R|S|R

bovine proCNP | G | D | K Ji cle A* N L D |(R|[S|RIL|L|R

sheep proCNP D | K B Gle|A|[N|L p|RIs|R|L|L|R
L|k|G|D|R
L

G|S|G|GF\;

As can be seen, there are several deviations (marked red) from
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the human seqguences. Although even a small number of differences

of the amino acid sequence may result in a failure of the human

assay, it surprisingly turned out that this was not the case for

the present invention.

For example an NT-proANP antibody targeted at AA 1-30 of human
NT-proANP, does not recognise the respective canine sequence,

although there are significant homologies to the canine sequence

Surprisingly human NT-proCNP ELISA antibodies showed excellent
performance when tested on septic samples of canine or felilne
origin. The experiments and results are described in more detail

below.
Materials & Methods

Basically the tests were performed as stated in the package in-
sert of the human NT-proCNP ELISA kit (BI-20872) without further
modification. Briefly the method includes the following steps:

1. Sample collection:

Samples were taken from non fasting subjects 1into VACUETTE®
(Greiner Bio-One) tubes by veni-puncture: EDTA tubes: 9ml. The
tubes were kept at 4°C until plasma separation (Centrifugation
parameters: 20 min at 2000 x g, at 4°C). All samples were 1mme-
diately put at -20°C after separation and assayed together in

one assay run.
2. ELISA procedure:

Add 50 ul STD/SAMPLE/CTRL (Standard/Sample/Control) in duplicate
into respective wells, except blank. ‘
Add 200 ul CONJ (anti NT-proCNP-HRPO) into each well, except

blank, swirl gently.

Cover tightly and incubate at room temperature (18-26°C) for 4

hours in the dark.
Aspirate and wash wells 5x with 300 pl diluted WASHBUF (Wash

buffer); remove remaining WASHBUF by hitting plate against paper

towel after the final washing step.
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Add 200 ul SUB (Substrate, Tetramethylbenzidine) into each well.
Incubate for 30 min at room temperature (18-26°C) in the dark.
Add 50 pl STOP (Stop solution, 1N H;SO4) into each well.

Measure absorbance immediately at 450 nm with reference 620 nm,

if available.
Results & Discussion

By assaying 13 normal and septic animals each with the method
described above, the results depicted in the table below were
generated. From the experience with NTQproBNP measurements 1t
was expected, that dogs and cats show similar immune-reactivity.

There the analysis was not matched to speciles.

Table 5: Results from animal trials

l NT- NT-
proCNP proCNP

Species| pmol/lL | Age |Sex| Species| pmol/lL | Age | Sex
o0l Dog | 00 |10 | m |Seps01| Dog | 14 | 12 | m
nor02| Dog | 00 | 12,0 f |Seps02| Dog 6,4 l 14 | m
nor03| Dog 0;2 4,0ﬂ_| m | SepsO3 l Dog 1,1 7 I B
nor04 | Dog 00 | 40 | f |Seps04| Dog | 50 | 11 l f
nor05| Dog - 0,0 L6,0 f | Seps05 | Dog 0,3 1 - m ‘I
nord6| Dog | 00 | 150 | m | Seps06 | Dog ‘ 16,8 10 | m
nor07| Dog | 00 | 1,0 | f |Seps07| Dog | 00 1 | f
nor08| Dog 0,0 | 7,0 | f Seps038 | Dog ‘ 0,0 6 | f
nor09 | Dog 00 | 40 | f |Seps09| Dog 52 | 11 | m
nor10| Dog 00 | 50 | m|Sepsi0| Dog | 26,5 ‘ 8 | f
nqr11‘ Dog l 40 | 06 | f |Sepsi1| Dog 226 | 018 | f
'nori2| Dog 0,0 | 20 | f |Sepsi2| Dog ! 9,9 ‘ 11 | f
nori3| Dog | 09 | 05 | m |Sepsi3| cat 8,6 12 | f

Table 6: Summary and analysis of animal results

— —

I_ l Assay Results (p;nol) | l
B | <02 - >0.3
l Clinical Diagnosis l N S

B

| N

11 2

Al i i —— b’
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Sensitivity 82%

0
I Specificity

- 21 -

100%|
Abbreviations: N .. Normal, S....Septic
NOrxx ... Normal sample , Sepsxx.. septic sample

As can be seen from the data above the ELISA is capable of de-

tecting sepsis in those animals with excellent specificity and

sensitivity.

The two normal samples showing levels above cut off (0,2 pmol/L)

may be the result of the low age of the animals (0,5 and 0,6
vears), which has been shown for NT-proCNP also in the humans

system.

With these experiments, it is evident that CNP is an excellent

marker for sepsis and that CNP, especially NT-proCNP, measure-

ments are a valuable new tool for sepsis detection and therapy

control in humans and animals.
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Claims:

1.: A mcthod for diagnosing septic complications in a polytraumatised human or animal
patient, said patient being free of traumatic brain injury, by determining the level of the C-type
natriuretic peptide (CNP), or a precursor or antigenic fragment thereof in a fluid test sample from
said patient and diagnosing said patient,as having septic complications or being at risk of
developing septic complications, if the level of CNP, or a precursor or antigenic fragment thereof
1s 1ncreased compared to a normal level, wherein said normal level is determined using one or
more control samples obtained from one or more patients without having septic complications or

without being at risk of developing septic complications.

2. The method according to claim 1, characterised in that said precursor or antigenic

fragment 1s a N-terminal {fragment ol the CNP precursor (NT-proCNP).

3. The mcthod according to claim 1 or 2, characterised in that said patient is a human
patient.
- The method according to any one of claims 1 to 3, characterised in that said fluid sample

1S a blood, serum or plasma sample of said patient.

d.: The method according to any one of claims 1 to 4, characterised in that said patient is
diagnosed to have septic complications or 1s at risk of developing septic complications, if the

level of CNP, or a precursor or antigenic fragment thereof is increased by at least 50% compared

to said normal level.

6.: The method according to any one of claims 1 to 5, characterised in that said patient is
diagnosed to have septic complications or is at risk of developing septic complications, if the
level of- the N-terminal fragment of the CNP precursor (NT-proCNP) is higher than 4 pM (pico-
mol/1).

CA 2680537 2017-09-05
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7. The method according to any one of claims 1 to 6, characterised in that the level of the
N-terminal fragment of the CNP precursor (NT-proCNP) is determined by using anti- N-terminal
fragment of the CNP precursor (NT-proCNP) antibodics.

3. The method according to any onc of claims 1 to 7, characterised in that the level of the

N-terminal fragment of the CNP precursor (NT-proCNP) is detecrmined by using an

immunoassay kit for human or animal N-terminal fragment of the CNP precursor (NT-proCNP).

9. Use of an assay for the determination of C-type natriuretic peptide (CNP), or a prccursor
or antigenic tfragment thereof for diagnosing of septic complications in human polytraumatised

patients being free of traumatic brain injury.

10.: Use according to claim 9, characterised in that said assay is a N-terminal fragment of the

CNP Precursor (NT-proCNP) immunoassay.

11.: The method according to any one of claims 1, 2 and 4-8, characterised in that said patient
1s an animal patient selected from the group consisting of a cattle, deer, bovine, sheep, goat,
horse, donkey, yak, pig, rat, mouse, cat, dog, hamster, fish, frog, guinea pig, elephant, bear and

monkey patient.

CA 2680537 2017-09-05
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