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DESCRIPTION

NON-POLYAMINATED LCN2 AS A BIOMARKER FOR DIAGNOSIS AND
TREATMENT OF CARDIOMETABOLIC DISEASES

BACKGROUND OF THE INVENTION
Lipocalin-2 (Lcn2), also known as neutrophil gelatinase associated lipocalin, neu-
related lipocalin, uterocalin, siderocalin or 24p3, is a protein of 198 amino acids belonging to
the lipocalin family of proteins that function as transporters of lipophilic substances"*. Lcn2
possesses unique bacteriostatic properties by sequestering enterobactin’, and is implicated in
cardiometabolic abnormalities associated with obesity, such as hypertension, diabetes, renal

injury and heart failure*'?,

Circulating Len2 levels are significantly augmented in obese
human subjects and positively correlated with anthropometric metabolic variables including
insulin resistance, hyperlipidemia, hyperglycemia and inflammation®. Mice without Len2 are
protected from dietary or genetic obesity-induced endothelial dysfunction, hypertension,
insulin resistance, and elevation of circulating lipid and glucose levels* > %',

Lcn2 is post-translationally modified by polyamination, which promotes the clearance
of this protein from circulation. After replacing the cysteine 87 residue by alanine in human
Lcn2, the amount of polyamines attached to the mutant (C87A) is significantly reduced’.
C87A exhibits a much longer plasma half-life than wild type human Len2. Injection of C87A
leads to the accumulation of Lcn2 protein in blood vessel wall, which causes endothelial

dysfunction and vascular inflammation in mice fed with standard chow”.

BRIEF SUMMARY OF THE INVENTION

The instant invention provides Lcn2, particularly, non-polyaminated Len2 (npLen2)
as a biomarker for identification or risk assessment of cardiometabolic diseases. Accordingly,
assays, for example, immunoassays, for detection and quantification of polyaminated Lcn2
(pLcn2) and/or npLen?2 in different human tissues and biofluids are provided.

An embodiment of the invention provides an assay for determining the level of pLcn2
and/or npLcn2 in a body fluid of a subject. The level of pLcn2 and/or npLen?2 in a body fluid
of a subject can be used for identifying a subject as having, not having, having a high risk of,

or not having a high risk of developing a cardiometabolic disease.
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The invention also provides kits and reagents to conduct assays to quantify npLcn2
and/or pLcn2.

In another embodiment, the invention provides a method of treating and/or managing
and/or preventing a cardiometabolic disease in a subject by administering to the subject a
pharmaceutically effective amount of an antibody against npL.cn2 and/or an antibody against

pLcn2.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Comparison of Lcn2 concentrations stratified by the number of the
components of metabolic syndrome. Both pLcn2 (left) and npLen2 (right) levels were
measured and compared for the plasma (top) and pericardial fluid (bottom) samples of
Danish subjects. *, p < 0.05 versus the group with zero component of metabolic syndrome (n
=8-15).

Figure 2. Comparison of samples stratified by the pattern of npLcn2 distribution in
pericardium tissue biopsies. 4, Immunohistochemical staining was performed for tissue
sections using polyclonal antibodies against npLcn2. B, Based on the number of positively
stained cells and the distribution pattern, samples were separated into three groups for
comparison of their Lcn2, total cholesterol (TC) and plasma creatinine levels. *, p <0.05 (n =
9-12). Arrows indicate the positive staining of npLcn2. A = adipocytes, M = mesothelial
cells, L = leukocytes. Magnification, 200x.

Figure 3. Polyclonal antibodies against wild type human Lcn2 or C87A selectively
recognize different species of Len2. Equal amount of purified wild type human Len2 and
C87A mutant were mixed in one test tube and then incubated with anti-human Lcn2 or anti-
C87A mutant antibody for six hours at 4°C. Subsequently, 70 ul of protein A sepharose bead
slurry was added for immunoprecipitation. The precipitated proteins were separated in 15%
SDS-PAGE and detected with anti-pLcn2 antibody.

Figure 4. Detection of polyaminated and non-polyaminated Len2 in human urine
samples. A, The concentrated urine samples were separated by SDS-PAGE (15 ul/lane) and
then subjected to Western blotting detection by polyclonal antibodies against pL.cn2 (anti-
pLcn2) or npLen2 (anti-npLen2). B, Immunoprecipitation (ip) was performed in two of the
nine urine samples using anti-pLcn2 and anti-npLcen2, respectively. Polyamines attached to

the precipitate Len2 protein were detected using antibodies recognizing spermidine.
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Figure 5. The frequency distribution of serum (top) and urine (bottom) lipocalin-2
concentrations for samples of the Hong Kong healthy volunteer cohort. The 95" and 75™
percentile values are indicated for both pLcn2 (left) and npLcn2 (right) levels.

Figure 6. Representative images of tissue sections stained by polyclonal antibodies
against pLcn2 (left) or npLen2 (right). The parietal pericardium tissue biopsies were
collected from Danish subjects during elective coronary artery bypass grafting or cardiac
valve replacement surgery and subsequently processed for immunohistological analyses.
Arrows indicate the different types of cells with pLcn2 or npLen2 positive staining (brown
color). A=Adipocytes, M=Mesothelial cells, L=Leukocytes.

Figure 7. Comparison of cardiometabolic parameters among the three groups of
samples. Based on the number of positively stained cells and the distribution pattern of
npLcn2 (Figure 2A), samples from Danish subject cohort were separated into three groups for
comparison of their high-density lipoprotein cholesterol (HDL), low-density lipoprotein
cholesterol LDL, hemoglobin Alc (HbAlc) and plasma adiponectin levels. (n =9-12)

BRIEF DESCRIPTION OF THE SEQUENCES
SEQ ID NO: 1: Sequence of human full-length Len2.
SEQ ID NO: 2: Sequence of human Lcn2 lacking first 20 amino acids that form a
single peptide. The cysteine 87 residue referred elsewhere in this disclosure is with respect to
the mature circulating Lcn2 protein having the sequence of SEQ ID NO: 2, which is the

mature human Len2 protein lacking the signal peptide.

DETAILED DISCLOSURE OF THE INVENTION
As used herein, the singular forms “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates otherwise. Further, to the extent that

29 (19

, “includes”, “having

29 (13
2

the terms “includin has”, “with”, or variants thereof are used in
2 2

either the detailed description and/or the claims, such terms are intended to be inclusive in a
manner similar to the term “comprising”. The transitional terms/phrases (and any
grammatical variations thereof) “comprising”, “comprises”, ‘“comprise”, “consisting
essentially of”, “consists essentially of”, “consisting” and “consists” can be used
interchangeably.

The term “about” or “approximately” means within an acceptable error range for the

particular value as determined by one of ordinary skill in the art, which will depend in part on
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how the value is measured or determined, i.e., the limitations of the measurement system.
For example, “about” can mean within 1 or more than 1 standard deviation, per the practice
in the art. Alternatively, “about” can mean a range of up to 0-20%, 0 to 10%, 0 to 5%, or up
to 1% of a given value. Alternatively, particularly with respect to biological systems or
processes, the term can mean within an order of magnitude, preferably within 5-fold, and
more preferably within 2-fold, of a value. Where particular values are described in the
application and claims, unless otherwise stated the term “about” meaning within an
acceptable error range for the particular value should be assumed. In the context of
compositions containing amounts of ingredients where the terms “about” or “approximately”
are used, these compositions contain the stated amount of the ingredient with a variation
(error range) of 0-10% around the value (X+10%).

In the present disclosure, ranges are stated in shorthand, so as to avoid having to set
out at length and describe each and every value within the range. Any appropriate value
within the range can be selected, where appropriate, as the upper value, lower value, or the
terminus of the range. For example, a range of 0.1-1.0 represents the terminal values of 0.1
and 1.0, as well as the intermediate values of 0.2, 0.3, 04, 0.5, 0.6, 0.7, 0.8, 0.9, and all
intermediate ranges encompassed within 0.1-1.0, such as 0.2-0.5, 0.2-0.8, 0.7-1.0, efc.

When ranges are used herein, such as for dose ranges, combinations and
subcombinations of ranges (e.g., subranges within the disclosed range), specific embodiments
therein are intended to be explicitly included.

“Treatment” or “treating” and grammatical variants of these terms refer to an
approach for obtaining beneficial or desired results including but not limited to therapeutic
benefit. A therapeutic benefit is achieved with the eradication or amelioration of one or more
of the pathological symptoms associated with a cardiometabolic disease, such that an
improvement is observed in the patient, notwithstanding that the patient may still be afflicted
with the cardiometabolic disorder.

“Management” or “managing” and grammatical variants of these terms refer to an
approach for stopping the worsening of symptoms associated with a cardiometabolic disease
or the progression of a cardiometabolic disease.

“Prevention” or “preventing” and grammatical variants of these terms refer to an
approach for preventing the occurrence of a cardiometabolic disease, for example, in a

subject identified as having high risk of developing a cardiometabolic disease.
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The term “cardiometabolic disease” refers to a disease of cardiac system caused by a
clustering of interrelated risk factors that promote the development of atherosclerotic vascular
disease and/or type 2 diabetes mellitus. Certain aspects of a cardiometabolic disease include
hypertension, diabetes, renal injury, heart failure, insulin resistance, hyperlipidemia,
hyperglycemia, inflammation, vascular inflammation, endothelial dysfunction, increased
cholesterol, increased HbAlc, reduced HDL, reduced adiponectin, atherosclerosis, and
diseases of cardio-renal axis. A cardiometabolic disease as used herein does not require the
presence of all of the aspects listed above and certain aspects may be absent and additional
aspects not listed herein may be present.

Cardiorenal syndromes are disorders of the heart and kidneys whereby acute or long-
term dysfunction in one organ may induce acute or long-term dysfunction of the other.
Cardiorenal syndromes is characterized by the concomitant decreased kidney function,
therapy-resistant heart failure with congestion and worsening kidney function during heart
failure therapy.

The phrase “a subject having high risk of developing a cardiometabolic disease”
indicates that the subject is more likely than not to develop the cardiometabolic disease. A
subject having high risk of developing a cardiometabolic disease is more likely to develop a
cardiovascular disease within about one year to two years, particularly, within about six
months to a year, more particularly, within about a year from being identified as having high
risk of developing a cardiometabolic disease.

The phrase “a subject having low risk of developing a cardiometabolic disease”
indicates that the subject is more likely than not to be free from the cardiometabolic disease.
A subject having low risk of developing a cardiometabolic disease is more likely to be free
from a cardiovascular disease for at least about one year to two years, particularly, at least
about six months to a year, more particularly, at least about a year from being identified as
having low risk of developing a cardiometabolic disease.

“Subject” refers to an animal, such as a mammal. The methods described herein can
be useful in both humans and non-human mammals.

The term Lipocalin-2 (Lcn2) as used herein refers to Len2 protein that represents a
sum of polyaminated or non-polyaminated Lcn2. The term “polyaminated Len2 (pLen2)”
refers to a portion of Len2 protein that is polyaminated; whereas, the term “non-polyaminated

Lcen2 (npLen2)” refers to a portion of Len2 protein that is not polyaminated.
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Len2 is characterized by a highly diversified expression pattern and structure-
functional relationship. The mRNA and protein of Lcn2 are either constitutively expressed or

induced during injury, differentiation, maturation or transformation of different types of cells,

30, 31 32, 33

including adipocytes™ ', neutrophils® *’, macrophage

34-37

, normal and malignant epithelial
cells The expression of Len2 is subjected to extensive regulation. For instance, Lcn2
protein is synthetized from the gene transcript in myelocytes and metamyelocytes during the
maturation, and then stored in specific granules of neutrophils®*’. Thus, a high level of
Lcen2 mRNA expression is detected in bone marrow but not in peripheral leukocytes,

36, 41

including the tissue-infiltrating neutrophils In adipocytes and hepatocytes, Lcn2 is

constitutively expressed at both gene and protein levels, which represent a major source of

42, 43

this molecule in circulation under physiological conditions In epithelial cells, Lcn2 is

induced predominantly by involution, injury or dysplastic transformation, and modulates the
phenotype of the epithelial lineage in growth and diseases** *.
At the tissue level, Len2 levels are influenced by development, ageing, infection and

. . 41, 44-47
inflammation status™ )

In physiological conditions, Len2 is undetectable or present at
very low levels in tissues such as heart and kidney. In response to injury, infection or other
pathological conditions, increased L.cn2 expression is found in tissues including kidney, heart,
liver, colon and breast™. Significantly augmented Lcn2 levels are positively associated with
systemic diseases absence of overt bacterial infection, such as insulin resistance, hypertension,
type 2 diabetes mellitus and other obesity-related pathologies® '* **-*°.

In circulation, Len2 exists as a 25 kDa monomer, a 46 kDa homodimer, or a 130 kDa
heterodimer with matrix metalloproteinase-9°'. The clearance of the monomeric form is
more rapid than the dimeric form of Len2’®. In urine, Len2 is also presented as multiple

7, 43, 44

molecular forms Under physiological conditions, circulating Len2 is filtered by

glomeruli and the protein captured in the proximal tubular epithelial cells of kidney*™ *.
Thus, when injecting into the circulation, Lcn2 is enriched in the proximal tubule but does
not appear in the urine in large quantities™. This is in line with the present study that serum
and urinary Lcn2 levels are not significantly correlated with each other in healthy human
subjects.

Human and murine Lcn2 are modified by polyamination®. The amount of polyamines
attached to Lcn2 determines its circulating half-life and biological activities. Using an

antibody against wild type human Lcn2 that recognizes pLen2 and an antibody against C87A

mutant Len2 that specifically binds to npLcn2, the present invention demonstrates that the
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endogenous Lcn2 exists as both polyaminated and non-polyaminated forms in human
samples including serum, plasma, urine and pericardial fluids. The distribution and
concentration of the two forms of Lcn2 are closely associated with the metabolic and
inflammatory, as well as the cardio-renal functional status of healthy human subjects and
patients with cardiac abnormalities. Compared to pLcn2, the serum and urinary npLcn2
levels are more sensitively correlated with BMI, HR, and TG levels in healthy volunteers. In
subjects undergoing cardiothoracic surgery, the circulating concentrations of npLcn2 are
significantly elevated and correlated with risk factors such as CRP and FGF21. Moreover,
significantly increased local expression of npLcn2 in pericardium of Group III subjects is
highly correlated with augmented LDL, TC, HbAlc and creatinine, but reduced HDL and
adiponectin levels.

Only few studies reported the reference ranges of circulating and urinary Lcn2 levels

. . 54-56
in normal subjects

. The invention describes the reference urinary Lcn2 levels in a healthy
cohort of subjects and a non-hospitalized Chinese population. Subjects with metabolic
syndrome have elevated pLcn2 and npLen2 levels in urine. Among the subjects with urinary
pLcn2 levels higher than 106.0 ng/ml, the prevalence of metabolic syndrome is 20 percent,
and among those with higher than 395.1 ng/ml, the prevalence increases to 33.3
percent. Similarly, subjects having urinary npLcn2 levels higher than 9.1 ng/ml or 26.0
ng/ml, the prevalence of metabolic syndrome are 24 and 60 percent, respectively (Figure 4).
In response to ischemic or nephrotoxic injury, various protein markers appear in urine
as a result of impaired tubular reabsorption or catabolism of filtered molecules and abnormal

57, 58
release of components from tubular cells™” ™.

The rapid rise of urinary Len2 is an early
biomarker for acute renal failure, which occurs in up to 40% of adults after cardiac surgery
and complicates up to 10% cardiac surgical procedures in infants and children with

congenital heart disease™ >*.

Urinary Lcn2 in subjects without kidney injury decreases
rapidly after cardiac surgery”’. Measurement of urinary Lcn2 not only provides early
diagnosis of acute kidney injury, but also predicts clinical outcomes, such as dialysis
requirement and mortality®. By contrast, serum levels of Len2 are inferior to those in urine
for the identification of acute kidney injury.

In adult subjects, the comorbid conditions such as advanced age and related diseases
(e.g. atherosclerosis or diabetes) prevent a clear-cut between subjects who have or have not

develop acute kidney injury®’. These uncertainties are largely attributed to the unknown

origin and structure of the multiple forms of urinary Len2. Len2 in urine samples of subjects
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with acute kidney injury represents a collection of different pools of the protein, including
those freely filtered into the tubular space, released from injured tubular cells, as well as
locally expressed and excreted®’. After renal injury, Lcn2 mRNA is predominantly expressed

in the loop of Henle and collecting ducts’”>®

. This locally synthesized Lcn2 is unlikely to be
introduced back into the circulation but rather to be excreted into the urine®. Paradoxically,
Lcn2 protein in the postischemic kidney is mainly localized at the damaged proximal tubule®.
Cultured glomeruli and glomerular mesangial cells secret Lcn2 in response to macrophage
stimulation or cytokine treatment™”.

Plasma Lcn2 concentration increases progressively with the reduction of glomerular
filtration rate (GFR), due to the impaired removal of Len2 from circulation™. When GFR
drops, urinary Lcn2 may represent mainly those that are locally expressed. A third source of
Lcn2 may be activated neutrophils/macrophages or inflamed vasculature. Theoretically, the
different sources of Lcn2 should correlate with the stages of disease progression. For
instance, in subjects with acute decompensated heart failure, urinary Lcn2 levels reflect renal
distal tubular injury with impaired natriuresis and diuresis, whereas systemic Lcn2 levels
demonstrate a stronger association with glomerular filtration function. Both systemic and
urinary Lcen2 predict worsening renal function. However, understanding the contribution of
individual pools of Lcn2 synthesized in response to renal injury is important for both risk
assessment and disease management. Thus, the measurement of both pLcn2 and npLcn2
provides more insights and accurate information for clinical evaluations.

The reasons for the development of acute kidney injury after cardiac surgery or the
association of chronic kidney disease with heart failure are not completely understood,
however, these are probably related to common risk factors for the diseases of cardio-renal
axis. Lcn2 represents an important link between renal and cardiovascular system
dysfunctions. Urinary and plasma Lcn2 levels are highly increased in subjects with cardio-

renal syndrome types 1 and 2%+’

. Len2 is a stronger predictor for mortality than GRF and
cystatin C in subjects with heart failure. Moreover, the prognostic effect of Lcn2 on long-
term mortality is limited to those with normal GRF on admission. Raised Lcn2 levels are
observed in subjects with normal serum creatinine. Thus, the high Lcn2 levels do not merely
reflect impaired renal functions, but may be related to the cardiac abnormality per se. In fact,
urinary and plasma Lcn2 levels are positively associated with increased N terminal-pro brain
natriuretic peptide (NT-proBNP), NYHA class and LVIDd (left ventricular internal end-

37,39

diastolic dimension) in subjects with chronic heart failure’~”". Plasma Lcn2 levels correlate
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with heart failure severity and predict major adverse cardiovascular events in critically ill
subjects. Moreover, a recent study suggests that Len2 levels are positively and significantly
associated with coronary artery disease severity in subjects without heart failure and renal
dysfunction.

The present invention demonstrates that in healthy subjects, plasma npLcn2 levels
correlate with HR, independent of age, gender, smoking and BMI. In cardiothoracic surgery
subjects, plasma and pericardial fluid npLcn2 are significant elevated, much higher than
pLcn2 levels in both male and female subjects. Moreover, there is positive association
between serum creatinine levels and Lcn2 contents in pericardial fluids. A significant
amount of npLcn2 is present in pericardial fluid collected from Danish subjects and
positively correlated with those in plasma samples. Histological studies confirmed the
presence of npLcn2 protein in the mesothelial cell layer and the underlying connective tissues
(adipocytes) of at least one third subject biopsies. Among two third of the tissue sections
contained positively stained blood cells (leukocytes) mainly in venules or lymphatic vessels
but not arterioles. Although pLcn2 and npLcn2 were both detectable in the leukocytes, their
patterns of distribution differed significantly as judged from the staining results of adjacent
tissue sections. Considering that the mesothelial cells possess the capacity of differentiation
into adipocytes®™ ®, npLcn2 expression in these two types of cells may play a role in
modulating the pericardial fat content and function, as well as the inflammatory status.

Pericardium is a fibrous-serosal cavity surrounding the heart that contains a small
amount of fluid”. In addition to anatomic isolation and lubricating the moving surfaces of
the heart, normal pericardium prevents cardiac hypertrophy in pressure overload conditions
and preserves the negative endothoracic pressure for atria blood filling’'. The contents of
human pericardial fluid have not been defined, but considered to be produced by plasma
ultrafiltration via the epicardial capillaries. Various blood cells are present in pericardial
fluid””. A monolayer of flattened, squamous-like mesothelial cells line the inner surface of
pericardial cavity and play a role in absorbing the pericardial fluid for drainage through the
lymphatic capillary bed. Under pathological conditions, mesothelial cells secret pro-
inflammatory and pro-fibrotic mediators, differentiate and migrate into the surrounding
tissues to promote fibrogenesis.

The invention describes that npLcn2 expression is induced locally in the mesothelial
cells and pericardial adipocytes. Leukocytes such as neutrophils or macrophages act as

scavengers to clear npLcn2 protein from the pericardium. During this process, npLcn2 is
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polyaminated inside the leukocytes and stored in the form of pLcn2. Excessive production
and accumulation of npLcn2 may facilitate the development of cardiac abnormalities.
Collectively, locally produced npLcn2 not only determines systemic Len2 levels but also
plays a pathogenic role in the development of cardiometabolic diseases, for example, heart
diseases. Thus, measurement of different forms of Lcn2, especially npLen2, is clinically
important for early detection, risk stratification and outcome prediction of subjects with
cardio-renal abnormalities. As such, npLcn2 is presented as a novel and sensitive biomarker
for cardio-renal function assessment and for diagnosing and treating and/or managing and/or
preventing a cardiometabolic disease.

Accordingly, an embodiment of the invention provides a method for treating and/or
managing and/or preventing a cardiometabolic disease in a subject, the method comprising
the steps of:

(a) determining the level of npLcn2 in:

1) a test sample obtained from the subject, and
i1) optionally a control sample;

(b) optionally, obtaining one or more reference values corresponding to the level of
npLcn2; and

(c) identifying the subject as:

1) having or having high risk of developing a cardiometabolic disease based on

the level of npLcn2 in the test sample and optionally, administering to the subject a

therapy designed to treat and/or manage and/or prevent the cardiometabolic disease,

or

i1) identifying the subject as not having or having low risk of developing the
cardiometabolic disease based on the level of npLcn2 in the test sample and
withholding from the subject the therapy designed to treat and/or manage and/or
prevent the cardiometabolic disease

Various techniques are well known to a person of ordinary skill in the art to determine
the level of npLcn2 in a sample. Non-limiting examples of such techniques include antibody
based assay or protein mass-spectrometry. Certain techniques of spectrometric analysis of
proteins are described in the Harvey (2005) reference, which is herein incorporated by
reference in its entirety.

Non-limiting examples of the antibody based assays include Western blotting analysis,

enzyme immunoassay (EIA), enzyme linked immunosorbent assay (ELISA), radioimmune
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assay (RIA), immunohistological analysis, and antigen-antibody precipitation assay.
Additional examples of antibody-based assays are for determining the level of npLcn2 in a
sample are well known to a person of ordinary skill in the art and such embodiments are
within the purview of the invention.

The reference values corresponding to the level npLcn2 in a sample may indicate the
level of npLcn2 associated with no risk or low risk of developing a cardiometabolic disease
or the presence or high risk of developing a cardiometabolic disease. As such, a reference
value corresponding to a level of npLcn2 in a sample may indicate the absence, presence,
high risk of developing or low risk of developing a cardiometabolic disease.

In one embodiment, the step of identifying the subject as having, not having, having
low risk of developing or having high risk of developing a cardiometabolic disease depends
on the level of npLcn2 in the test sample compared to a control sample. For example, if the
level of npLcn2 in the test sample is significantly higher than the level of npLcn2 in the
control sample obtained from a healthy individual, the subject is identified as having a
cardiometabolic disease or having a high risk of developing of a cardiometabolic disease.
Particularly, a subject is identified as having a cardiometabolic disease or having high risk of
developing a cardiometabolic disease if the level of npLcn2 is higher in a blood, serum, urine,
plasma, or pericardial fluid sample of a subject compared to the level in a corresponding
control sample obtained from a healthy individual.

An embodiment of the invention provides an antibody or an antigen binding fragment
of the antibody that specifically binds to npLcn2. In an embodiment, the antibody is labeled,
for example, with a detectable label such as an enzyme label, a radioisotope, a fluorescent
label, or a bioluminescent label. The labels are typically used for detection and
visualization of antigen-antibody complex. Non-limiting examples of the enzyme labels are
horse-radish peroxidase label, alkaline phosphatase, B-galactosidase, luciferase, acetylcholine
esterase, and glucose oxidase. Additional examples of enzymes appropriate for labeling
antibodies for detection and visualization of antigen-antibody complex are well known to a
person of ordinary skill in the art and such embodiments are within the purview of the current
invention. Non-limiting examples of radioisotope labels are 151 3g M, ?p and °H.
Additional examples of radiolabels appropriate for labeling antibodies for detection and
visualization of antigen-antibody complex are well known to a person of ordinary skill in the
art and such embodiments are within the purview of the current invention. Non-limiting

examples of fluorescent labels are umbelliferone, fluorescein, rhodamine,
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dichlorotriazinylamine fluorescein, dansyl chloride, fluorescein isothiocyante (FITC),
phycoerythrin  (PE), CyS5-phycoerythrin  (Cy5-PE), Cy7-phycoerythrin  (Cy7-PE),
allophycocyanin (APC), Cy7-allophycocyanin (Cy7-APC), texas red (TR) and cascade blue.
Additional examples of fluorescent labels appropriate for labeling antibodies for detection
and visualization of antigen-antibody complex are well known to a person of ordinary skill in
the art and such embodiments are within the purview of the current invention. Non-limiting
examples of bioluminescent labels are photoprotein aequorin, adenosine triphosphate,
nicotinamide adenine dinucleotide and D-luciferin. Additional examples of bioluminescent
labels appropriate for labeling antibodies for detection and visualization of antigen-antibody
complex are well known to a person of ordinary skill in the art and such embodiments are
within the purview of the current invention.

Examples of various protocols of selecting antigens for raising antibodies,
immunizing animals to produce antibodies, generating monoclonal antibodies, growing
hybridoma producing the monoclonal antibodies, purifying and storing the antibodies,
labeling the antibodies, conducting the antibody-based assays, engineering hybrid antibodies,
and staining cells with labeled antibodies are described in Greenfield, E., (2014), Antibodies:
A Laboratory Manual, Second Edition, Cold Spring Harbor, New York: Cold Spring Harbor
Laboratory Press. The Greenfield (2014) reference is herein incorporated in its entirety.
Additional protocols of performing these techniques are well known to a person of ordinary
skill in the art and such embodiments can also be used in practicing the current invention.

The term “antibody” as used herein refers to immunoglobulin molecules and
immunologically active portions of immunoglobulin molecules, i.e., molecules that contain
an antigen binding site which specifically binds an antigen. “Specific binding” or
“specificity” as used herein refers to the ability of an antibody to exclusively bind to an
epitope presented on an antigen or peptide while having relatively little non-specific affinity
with other proteins or peptides. Specificity can be relatively determined by binding or
competitive binding assays. Specificity can be mathematically calculated by, e.g., an about
10:1, about 20:1, about 50:1, about 100:1, 10.000:1 or greater ratio of affinity/avidity in
binding to the specific antigen or peptide versus nonspecific binding to other irrelevant
molecules. An antibody specifically binding to an antigen has the equilibrium dissociation
constant (Kp) of lower than about 10 M, lower than about 10 M, or lower than about 107>

M for the binding between the antibody and the corresponding antigen.
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On the other hand, “non-specific binding” refers to the binding that is not based on
specific interactions between an antibody and its corresponding antigen. Non-specific
binding may result from non-specific interactions, such as, Van Der Waals forces. Kp for the
binding between the antibody and a non-specific antigen is typically higher than about 10° M
higher than about 10 M or higher than about 10 M.

2

The invention provides polyclonal and monoclonal antibodies that bind npLcn2. The
term “monoclonal antibody” as used herein refers to antibodies made by identical immune
cells that are clones of a unique parent cell. Therefore, the amino acid sequences of various
molecules of monoclonal antibodies are identical. The term “polyclonal antibody” as used
herein refers to antibodies that are secreted by different B cell lineages. Therefore,
polyclonal antibodies are a collection of immunoglobulin molecules that bind to a specific
antigen, each identifying a different epitope. Some polyclonal antibodies may bind to the
same epitope; however, have different amino acid sequences because they are secreted by
different B cell lineages. In one embodiment, the antibody or the antigen binding fragment of
the antibody is specific to human npLcn2. Human npLcen2 protein has the sequence of SEQ
ID NO: 1; whereas, human pLcn2 is polyaminated on possibly more than one residue.

Further embodiments of the invention provide recombinant antibodies or hybrid
antibodies. Recombinant or hybrid antibodies typically comprise both human and non-
human portions and which can be made using standard recombinant DNA techniques well
known to a person of ordinary skill in the art. Non-limiting examples of recombinant or
hybrid antibodies include chimeric antibodies, humanized monoclonal antibodies, a single
chain antibody, a single chain fragment variable (scFv) antibody, or a fragment antigen-
binding (Fab fragment).

A further embodiment of the invention also provides a kit comprising an antibody or
an antigen binding fragment of the antibody that specifically binds to npLcn2. The kit can
contain the antibody along with additional reagents required for processing of a sample for
the immunoassay, reagents for conducting the immunoassay and instructional materials and
manuals for performing the immunoassay. Reagents for treating the samples can include
reagents for extraction of proteins, degradation of DNA, or removal of other impurities.

An aspect of the invention provides a point-of-care (POC) diagnostic device for
assaying npLcn2, which can be used to identifying the subject as having, not having, having

low risk of developing or having high risk of developing a cardiometabolic disease.
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To practice the methods described herein control samples can be obtained from one or
more of the following:

a) an individual belonging to the same species as the subject and not having a
cardiometabolic,

b) an individual belonging to the same species as the subject and known to have a low
risk or no risk of developing a cardiometabolic, or

¢) the subject prior to getting a cardiometabolic.

Additional examples of control samples are known to a person of ordinary skill in the
art and such embodiments are within the purview of the current invention.

In certain embodiments, the control sample and the test sample are obtained from the
same type of an organ or tissue. Non-limiting examples of the organ or tissue which can be
used as samples are brain, eyes, pineal gland, pituitary gland, thyroid gland, parathyroid
glands, thorax, heart, lung, esophagus, thymus gland, pleura, adrenal glands, appendix, gall
bladder, urinary bladder, large intestine, small intestine, kidneys, liver, pancreas, spleen,
stoma, ovaries, uterus, testis, skin, or blood. Additional examples of organs and tissues are
well known to a person of ordinary skill in the art and such embodiments are within the
purview of the invention.

In certain other embodiments, the control sample and the test sample are obtained
from the same type of a body fluid. Non-limiting examples of the body fluids which can be
used as samples include aqueous humor, vitreous humor, bile, blood, cerebrospinal fluid,
chyle, endolymph, perilymph, female ejaculate, lymph, mucus (including nasal drainage and
phlegm), pericardial fluid, peritoneal fluid, pleural fluid, pus, rheum, saliva, sputum, synovial
fluid, vaginal secretion, semen, blood, serum or plasma. Additional examples of body fluids
are well known to a person of ordinary skill in the art and such embodiments are within the
purview of the invention.

In one embodiment, once a subject is identified as having or having high risk of
developing a cardiometabolic disease based on the methods described herein, a therapy is
administered to the subject for treating and/or managing and/or preventing the
cardiometabolic disease. In a particular embodiment, the treatment comprises administering
an antibody or antibody fragment that specifically binds to Lcn2, particularly, an antibody
that specifically binds to npLcn2 or pLen2. In another embodiment, the therapy is dialysis or
to administering an inhibitor such as chemical compounds to interfere npLcn2 expression or

activities.
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A further embodiment of the invention provides an assay, the assay comprising

determining the level of pLcn2 and/or npLen2 in:
1) a test sample obtained from the subject, and
i1) optionally a control sample.

A particular embodiment of the invention provides an assay for determining whether
the level of pLcn2 and/or npLen2 in a test sample obtained from a subject is above or below a
threshold level. In certain embodiments, the sample is a urine sample and the threshold level
of pLcn2 is about 100-120, particularly, 110 ng/ml or about 350-450 ng/ml, particularly, 400
ng/ml. the prevalence increases to 33.3 percent. In certain other embodiments, the sample is
a urine sample and the threshold level of npLcn2 is about 9-11 ng/ml, particularly, 9.1ng/ml
or 25-30 ng/ml, particularly, 26 ng/ml.

A further embodiment of the invention also provides devices that indicate whether the
level of pLcn2 and/or npLen2 in a test sample obtained from a subject is above or below a
threshold level, for example, by providing a signal. For example, the device provides a first
signal if the level of pL.cn2 and/or npLen2 in a test sample obtained from a subject is above a
threshold level and the device can provide a second signal if the level of pLcn2 and/or
npLcn2 in the test sample obtained from the subject is below the threshold level. In another
embodiment, the device provides a signal only if the level of pLcn2 and/or npLen2 in a test
sample obtained from a subject is above a threshold level. In a further embodiment, the
device provides a signal only if the level of pLcn2 and/or npLcen2 in the test sample obtained
from the subject is below a threshold level.

Based on known techniques of detecting the level of pLcn2 and/or npLen2 in a
sample, different devices can be designed by a skilled artisan that provide a signal indicating
the level of pLcn2 and/or npLen2 in the test sample obtained from the subject is above or

below a threshold level and such embodiments are within the purview of the invention.

MATERIALS AND METHODS
Human participants
One hundred volunteers including 59 male and 41 female were recruited from Hong
Kong. Informed written consent was obtained from all subjects prior to their participation.
Criteria of exclusion were pregnancy or lactation, alcohol intake within the past 24-hours,
long-term drug treatments or medications taken within one-week prior to the study, any

known diagnoses of hypertension, diabetes, dyslipidemia, anemia, coronary heart disease,
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chronic obstructive pulmonary disease, asthma, hepatitis, primary hyperaldosteronism, renal
dysfunction and eczema.
(BMI), waist circumference (WC), heart rate (HR), systolic (SBP) and diastolic (DBP) blood
pressures were assessed by following standardized procedures. Recordings are summarized
in Table 1 for all participants, including 64 lean (BMI, < 25 kg/m?), 35 overweight (BMI, 25—
29.9 kg/m”), and one obese (BMI, >30 kg/m”) individuals.
underwent elective coronary artery bypass grafting or cardiac valve replacement surgery were
recruited from Southern Denmark. The demographic and clinical characteristics of all study

subjects are included in Table 1.
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Table 1. Characteristics of the study subjects.

PCT/CN2016/103792

The anthropometric parameters including age, body mass index

Hong Kong community Danish

Parameters cohort subjects
(mean + SD) (mean + SD)

Age, years 48 £ 7 69+9
BMI, kg/m” 23.8+2.7 287455
WC, cm 82 +7 -
HR 65+8 --
SBP, mmHg 117 £ 14 135+ 21
DBP, mmHg 74+ 11 73+ 13
FPG, mmol/L 58+0.7 --
TG, mmol/L 1.7+ 0.8 1.4+06
TC, mmol/L 54+09 3.8+£09
HDL, mmol/L 1.6+£02 1.1+04
LDL, mmol/L 35+09 21+£09
Hypertension -- 70%
Dyslipidemia -- 81%

Thirty-seven subjects who
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Type 2 diabetes -- 49%

Laboratory analysis

After overnight (10-12 hours) fasting, serum, plasma and urine samples were
collected at around 8:00 to 10:00 am for Hong Kong participants. Plasma samples were
collected from Danish participants the day before surgery. Pericardial fluid and a biopsy
from parietal pericardium of the subjects were collected during the elective coronary artery
bypass grafting or cardiac valve replacement surgeries. Tissues biopsies were fixed in
neutral-buffered formalin for 48 hours. All biofluid samples were stored at -80°C until
analysis. Fasting plasma glucose (FPG) was analyzed using Accu-Chek Advantage II
Glucometer (Roche Diagnostics, Mannheim, Germany). Triglycerides (TG), total cholesterol
(TC), high density lipoprotein cholesterol (HDL) and low density lipoprotein cholesterol
(LDL) levels in serum samples were analyzed using respective LiquiColor test kits from
Stanbio Laboratory, Boerne, TX, USA. Circulating lipid levels in plasma collected from the
Danish subjects were measured at the Odense University Hospital*°.

Immunoassay

Serum or plasma concentrations of adiponectin, Len2, C-reactive protein (CRP),
fibroblast growth factor 21 (FGF21) and adipocyte fatty acid-binding protein (A-FABP) were
performed using in-house ELISA kits (see world-wide website:
pharma.hku. hk/sweb/antibody/ELISA.php) as previously described'”. Leptin was
measured using an ELISA from Diagnostic Systems Laboratories, Webster, TX, USA.
Aldosterone levels were determined in serum and urine samples using the DetectX
Aldosterone Enzyme Immunoassay kit (Cayman Chemical, Ann Arbor, MI, USA). In brief,
steroids were extracted from 60 ul of serum with ethyl acetate, dried and dissolved in 140 ul
assay buffer, whereas 28 pl urine samples were diluted by five-folds with assay buffer. For
measurement, 100 ul of serum extracts or urine diluents were incubated with 50 pl solutions
containing DetectX aldosterone conjugate and antibody in coated 96-well plates overnight at
4°C. After washing with phosphate buffered saline (PBS) and adding the substrates for 30
minutes, the reactions were terminated and absorbance read at 450 nm using a plate reader

(BioTEK Instrument Inc., Winooski, VT, USA).
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Antibody production and validation

Wild type human Lcn2 and the C87A mutant Len2 were expressed as His-tagged
recombinant proteins and purified as previously described”®. After removing endotoxin, the
protein purity was confirmed by SDS-PAGE and mass spectrometry analysis. Polyclonal
antibodies against human Lcn2 or C87A were produced as described previously™ ®. The
antibodies were purified by affinity chromatography for subsequent testing using human
urine samples. Briefly, after removing the sediments by centrifugation at 2000 g for five
minutes, 100 ml urine sample was concentrated to one ml using a Millipore® UFC900308
Amicon® Ultra-15 Centifugal Filter Concentrator with 3000 Da Nominal Molecular Weight
Limit. Sixty pl of the concentrated urine samples were separated by SDS-PAGE, transferred
to polyvinylidene difluoride membrane, and incubated with antibodies against either human
wild-type Len2 or C87A mutant Len2.  The immune-complexes were detected with
chemiluminescence reagents from GE healthcare (Uppsala, Sweden). Both antibodies are
able to detect Lcn2, however, with different patterns of migration and abundance (Figure 4A).

For immunoprecipitation, the concentrated urine samples containing 500 ug proteins
were diluted in 500 ul PBS, precleared with 50 ul protein A agarose beads slurry (Thermo
Fisher Scientific, Waltham, MA, USA), and then incubated overnight with 2.5 ug of
antibodies against either human wild-type Lcn2 or C87A mutant Len2 at 4°C under gentle
agitation. Samples were then incubated with 100 ul of 50% protein A agarose beads slurry at
room temperature for two hours under rotary agitation. After washing three times with PBS,
the immune-complexes were eluted with SDS-PAGE loading buffer for Western blotting to
detect the amount of polyamines attached to the precipitated Lcn2 using a specific antibody
against spermidine or spermine. As the results shown in Figure 4, the Lcn2 species
precipitated by the antibody against C87A mutant Len2 contained barely detectable amount
of polyamines when compared to those precipitated by the antibody against wild type human
Lcn2 (Figure 4B). Thus, the two antibodies selectively recognize npLcn2 and polyaminated

Len2 (pLen2), respectively.

Development of Sandwich ELISA

The sandwich ELISA for measuring human Len2 or polyaminated Len2 (pLen2) was

6,21,26,27

reported previously . The sandwich ELISA for npLcn2 measurement was established

by using unlabeled and biotinylated antibodies against C87A mutant Lcn2 for coating and
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detection, respectively. Biotinylation was performed with a kit from Thermo Scientific™
Pierce™ (Waltham, Massachusetts, USA) and free biotin removed by dialysis. The
microtiter plate was pre-coated with 100 ul unlabeled antibodies (2 pg/ml) overnight at 4°C,
and then blocked with 100 ul of PBS containing 1% bovine serum albumin (BSA) and 0.05%
Tween-20 for two hours at room temperature. For measurement, 100 ul diluted (25-fold)
serum or non-diluted urine, or recombinant protein standards were applied into each well of
the coated ELISA plates for one hour incubation at room temperature, followed by three
times of washing and another hour of incubation with biotinylated antibodies. The bound
immunocomplexes were detected with streptavidin-conjugated horseradish peroxidase and
substrates. The reactions were stopped before measurement of the absorbance at 450 nm
with a plate reader (Bio-TEK Instrument Inc.). The inter- and intra-assay coefficients of
variance were determined by measuring six plasma samples from healthy subjects in a total

of five independent assays with duplicate determinations.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue sections (5 um of thickness) were preheated
at 60°C, deparaffinized, hydrated and then subjected for antigen retrieval in 0.01 M citrate
buffer (pH 6.0). The endogenous peroxidase activity was quenched with 0.3% H,0; for 15
minutes at room temperature. After blocking with 5% BSA in PBS for 30 minutes at room
temperature, the tissue sections were incubated with anti-human Len2 antibody (5 pg/ml in
PBS containing 5% BSA) or anti-C87A mutant Len2 antibody (5 pg/mL in PBS containing
5% BSA) overnight at 4°C. Anti-rabbit secondary antibody (1:1000, P0448, Dako, Denmark)
was applied for 45 minutes at room temperature, followed by colorimetric detection with
3.3’-diaminobenzidine. All sections were counterstained with Mayer’s hematoxylin prior to
analysis under a microscope (BX51 Olympus, Japan) and with the Olympus cellSens Entry

imaging software, version 1.7.

Targeted disruption of murine LCN2 gene

The flippase recognition target (FRT)-Neo-FRT-1oxP (1898 bp) was inserted in intron
1 and the loxP site located downstream of exon 2 of LCN2 (ENSMUSGO00000026822, see
world-wide website: ensembl.org/index.html). Following selection, positive ES clones were

introduced into C57BL/6 blastocysts to produce chimeric mice, which were cross-bred with



WO 2018/076284 PCT/CN2016/103792

20

C57BL/6J mice. The Lcn2-floxed mice were obtained and subsequently crossed with the
LysCre B6.129P2-Lyz2tml(cre)lfo/J mice from Jackson Laboratory (Bar Harbor, Maine,
USA), which expressed a Cre recombinase from the lysozyme M-encoding locus. The
myeloid lineage-specific lipocalin-2 knockout mice (Lys-LKO) were produced and

maintained in CS7BL/6J background.

Neutrophil-mesothelial cell interactions

The human mesothelial cell line MeT-5A (ATCC® CRL-9444") was purchased from
American Type Culture Collection (ATCC, Manassas, VA, USA), and cultured in M199
medium. After 48 hours, the conditioned media were collected for neutrophil cell incubation.
Neutrophils were harvested from Lcn2 general knockout mice® °. In brief, bone marrow cells
were flushed out from femurs and tibias with Ca*"/Mg”" free Hank’s buffered saline solution
supplemented with 20 mM Na-HEPES (pH 7.4). The cell suspension was filtered with a 70
micron cell strainer (Falcon #352350) and re-suspended for Percoll density gradient
separations. After centrifuge at 1600g for 30 min, neutrophils were collected between the
layers of 78%, 69% and 52% Percoll and incubated with the conditioned medium collected
from MeT-5A cultures for four hours at 37°C.

Statistical Analysis

All statistical calculations were performed with the IBM SPSS version 21.0 software
(Chicago, IL, USA). Data were expressed as mean = SD or median with interquartile range
as appropriate. Kolmogorov-Smirnov test was used to analyze the distribution of different
variables. Natural logarithmic transformation was applied for data with non-normal
distribution. Independent T-test was used for comparison of continuous variables between
two groups. Partial Pearson correlation was used to establish the relationship between
variables of interest, with adjustment for age and gender. A p value less than 0.05 was used

to indicate a significant difference in all statistical comparisons.

All patents, patent applications, provisional applications, and publications referred to
or cited herein are incorporated by reference in their entirety, including all figures and tables,

to the extent they are not inconsistent with the explicit teachings of this specification.
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Following are examples which illustrate procedures for practicing the invention.
These examples should not be construed as limiting. All percentages are by weight and all

solvent mixture proportions are by volume unless otherwise noted.

EXAMPLE 1 — GENDER DIFFERENCES IN LCN2, PLCN2, and NPLCN2 LEVELS
The levels of pLen2 and npLen2 in serum and urine samples collected from the
community cohort were analyzed using in-house ELISA kits (Table 2). The average
concentrations of pLcn2 in serum are comparable to those in urine samples, whereas the
average concentrations of serum npLcn2 are higher by over 25-folds than those of urine
npLcn2. Consequently, the ratios of pLen2/npLen2 are significantly lower for serum than
urine samples.
Table 2. Len2 concentrations in samples collected from male and female subjects of

Hong Kong community cohort™.

Total cohort Male Female

(mean + SD) (mean + SD) (mean + SD)
Age, years -- 482+7.5 483+72
BMI, kg/m” 24.7+2.1° 22.7+3.0
WC, cm --- 849+54" 77.7+8.0

Serum pLen2, ng/ml | 69.8 (42.3-126.4) [ 85.9 (48.0-139.7)° 54.2(33.7-79.1)
Serum npLcn2, ng/ml | 93.8 (63.1-143.3) | 102.6 (69.6-162.0)* | 81.5 (54.2-105.1)

Serum pLcn2/npLcen2 0.81 (0.6-1.0) 0.86 (0.7-1.1) 0.76 (0.6-0.9)
Urine pLcn2, ng/ml 60.8 (20.7-164.1) 30.6 (16.3-78.0)" 161.0 (35.4-341.4)
Urine npLcn2, ng/ml 3.7(1.7-8.1) 3.0 (1.6-5.0)" 6.5 (3.0-13.5)
Urine pLen2/npLen2 | 13.76 (10.7-21.4) 13.03 (10.6-20.8) 15.5(11.8-22.6)

4 P<0.05 vs female subjects

*, Data are shown as mean = SD or median (interquartile range) values.

Compared to male subjects, both pLcn2 and npLen2 were significantly decreased in
serum samples of female participants; on the other hand, urine pLcn2 and npLen2 levels in
samples from female subjects were increased by five- and two-folds, respectively (Table 2).
The gender differences of pLcn2 and npLcen2 in serum and urine samples remained after

adjustment for BMI, WC and smoking. The ratios of pLcn2/npLen2 are not significantly
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different between male and female subjects. There were no significant associations between
serum or urine concentrations of Lcn2 and age, for both pLcen2 (p=0.303 and 0.875,
respectively) and npLcn2 (p=0.315 and 0.555, respectively).

According to the guidelines of International Diabetes Federation for Chinese
population™, 31 subjects [14 men and 17 women, p=0.059] were centrally obese and had
significantly higher pLcn2 (83.5 vs 46.1 ng/ml in non-obese subjects) and npLcn2 (5.2 vs 3.4
ng/ml in non-obese subjects) levels in urine (Table 3). In addition, serum npLcn?2 levels were
significantly higher in centrally obese female subjects. The 75" percentile cut-off for serum
and urinary Lcn2 levels in the healthy volunteers were 121.4 ng/ml and 106.0 ng/ml for
pLcn2, and 125.8 ng/ml and 9.1 ng/ml for npLcn2, respectively (Figure 5). The prevalence
of metabolic syndrome were 10.2% in men and 19.5% in women (p = 0.313). The 95"
percentile cut-off for serum and urinary Len2 levels in the heathy volunteers were determined
to be 286.5 ng/ml and 395.1 ng/ml for pLen2, and 224.4 ng/ml and 26.0 ng/ml for npLcn2,
respectively (Figure 4).

Table 3. Comparison of serum and urinary Lcn2 levels between non-obese and centrally

obese subjects in Hong Kong community cohort*.

Total cohort Male Female
Non- Non-
Centrall Centrall Non- | Centrally
obese b obese b b b
y obese p y obese p obese obese p
(n=69 (n=45
(n=31) (n=14) (n=24) (n=17)
) )
62.3 771 80.8 114.1 50.6 57.8
Serum 0.36 0.46
(40.0- | (45.9- (45.5- | (65.7- (323- | (38.1- | 0.184
plen2 0 3
124.7) | 132.0) 146.6) | 204.9) 71.9) | 106.5)
Serum | 86.9 958 98.9 118.5 65.0 94 .6
0.69 0.59
nplen | (57.0- | (78.9- . (68.8- | (76.5- . (51.6- | (69.6- | 0.04
2 | 151.0)| 130.0) 163.3) | 158.4) 99.8) | 122.3)
46.1 83.5 31.3 25.0 98.1 205.2
Urine 0.03 0.51
(18.6- | (21.0- (15.8- | (16.7- (23.6- | (66.1- | 0.011
plen2 1 9
111.5) | 330.0) 90.8) | 76.1) 187.9) | 413.0)
Urine | 3.4 52 [oo04a | 238 2.7 056 | 52 11.9
0.048
nplen | (16- | (25- |4 (123- | (16- 7 | (8- (5.5-
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2 59) | 124 4.1) 3.4) 125 | 16.2)

*, Data are shown as median (interquartile range) values.

EXAMPLE 2 - CORRELATION ANALYSIS FOR SAMPLES FROM HEALTHY
VOLUNTEERS

In samples from community cohort, serum pLcn2 or npLen2 levels are positively
correlated with BMI, HR, DBP and TG, but negatively correlated with circulating
concentrations of adiponectin, independent of age, gender and smoking (Table 4). After
further adjustment for BMI, the positive correlations between npLcn2 and HR or TG remain
significant. The ratios of serum pLcn2/npLcen2 are negatively correlated with TC (#=-0.299,
p=0.004) and adiponectin (r = -0.253, p = 0.015) levels, independent of age, gender, smoking
and BML

Table 4. Correlations between serum Lcn2 concentrations and study variables.

serum plen2” serum nplen2”
L p I I ra 7 I I
BMI 0.362 - 0.000 - 0.376 - 0.000 | -
WC a a a a 0.236 a 0.020
HR 0.248 a 0.016 a 0287 | 0.214 | 0.004 [ 0.036
SBP - - - - - -
DBP 0.201 a 0.052 a 0.240 0.018
FPG - - - - - - - -
TG 0.289 0.211 | 0.005 | 0.042 | 0.354 | 0.283 [ 0.000 | 0.005
TC - - - - - - - -
LDL - ; ; ; ; ; -
Adiponectin# -0.330 -0.222 | 0.001 | 0.034 | -0.297 0.003 -
*, logarithmic transformed before analysis.
% adjusted for age, gender and smoking.
® adjusted for age, gender, smoking and BMI.

The concentrations of pLcn2 (p=0.960) or npLcn2 (p=0.312) in urine are not

significantly correlated with those in serum samples. Smoking did not change Lcn2 levels in
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urine, but significantly increased the concentrations of serum pLcn2 and npLcn2 by 2.4- and
1.8-folds, respectively. After adjustment for age, gender and smoking, urinary npLcn2 levels
are positively correlated with BMI, HR and serum TG concentrations (Table 5). The
associations between pLcn2 or npLcen2 in urine and serum TG or urinary aldosterone levels

remain significant after further adjustment for BML

Table 5. Correlations between urinary Len2 concentrations and study variables.

Urine plen2 Urine nplcn2
K rb pa pb K rb pa pb
BMI - - - - 0.214 - 0.018 -
wC 0.202 | 0.191 | 0.029 | 0.037 -- - - -
HR - - - - 0.167 0.051
SBP - - - - - - - -
DBP 0.175 - 0.050 - - - - -
FPG - - - - - - - -
TG 0214 | 0199 | 0.021 [ 0.031 [ 0.228 [ 0.184 | 0.012 [ 0.043
TC - - - - - - - -
HDL - - - - - - - -
LDL - - - - - - - -
Serum
Aldosterone ) ) ) ) ) ) ) )
Urine
Aldosterone | 0.258 | 0.248 | 0.008 | 0.011 | 0.185 | 0.326 | 0.001 | 0.044
#
! logarithmic transformed before analysis.
A adjusted for age, gender, smoker
® adjusted for age, gender, smoker and BMI

Urine samples contain a much higher level [1009.9 (482.5-2013.6) pg/ml] of
aldosterone than that of serum samples [106.0 (77.7-131.3) pg/ml]. Aldosterone in urine is
positively correlated with WC (r = 0.275, p = 0.023). Importantly, urinary pLen2 (# = 0.248,
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p = 0.011) and npLen2 (r = 0.185, p = 0.044) levels were positively correlated with the

concentrations of aldosterone in urine, independent of age, gender, smoking and BMI (Table

5).

EXAMPLE 3 — CORRELATION ANALYSIS FOR SAMPLES FROM
CARDIOTHORACIC SURGERY SUBJECTS

Among the 37 subjects in Danish cohort [31 male and 6 female subjects], most had
been prescribed with various anti-coagulant, cholesterol lowering, renin angiotensin system
inhibitory, anti-hypertensive and anti-diabetic medications'®. When compared to those of the
Hong Kong healthy volunteers, the ratios of plasma pLcn2/npLen2 are reduced by over 4-
folds, due mainly to the increased npLcn2 levels (Table 6). Both pLcn2 and npLen2 are
present in the pericardial fluids of all subjects, with a median ratio of 0.47 for pLcn2/npLen2.
The pLcn2 and npLen2 levels in pericardial fluids are correlated significantly with those of
the circulation.

Table 6. Concentrations between Lcn2 in plasma and pericardial fluid samples of Danish

subjects.
Plasma Pericardial fluid Correlation between
plasma and
pericardial fluid
Total Male Female Total Male Female r p
cohort cohort
pLcn2 35.6 385 299 18.0 19.2 15.2 0.817 0.000
(28.4- (29.9- (24.7- (14.0- | (12.9- | (14.0-
46.7) 51.9) 63.0) 26.7) 28.7) 35.5)
npLcen?2 207.5 209.3 191.3 36.5 374 36.5 0.442 0.010
(162.8- | (164.9- (130.7- (28.9- | (28.8- | (34.0-
249.7) 254.2) 272.7) 51.5)° | 61.4) 69.8)
pLcn2/ 0.19 0.20 0.20 0.47 0.47 0.43 0.028 0.876
npLcen?2 (0.16- (0.17- (0.14- (0.41- | (0.41- | (0.38-
0.23) 0.24) 0.24) 0.61) 0.65) 0.54)

*, Data are shown as median (interquartile range) values.

Based on National Cholesterol Education Program criteria®

2

eight subjects of the

Danish cohort with two or more components of metabolic syndrome had a significantly
higher concentrations of nplcn2 levels in both circulation (241.9 + 542 ng/ml) and
pericardial fluid (56.3 + 25.4 ng/ml) than the 15 subjects with none of the components (180.8
+ 35.6 and 37.0 £ 9.6 ng/ml for plasma and pericardial fluid, respectively). The nplcn2 levels
in other subjects (n = 14) were 213.0 + 51.6 and 49.5 + 21.6 ng/ml, respectively (Figure 1).
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Positive associations are found between plasma levels of npLcen2 and CRP (r = 0.359, p =
0.017) or FGF21 (r = 0382, p = 0.017). There were significant positive correlations of
plasma creatinine concentrations with pLcen2 (# = 0.404, p = 0.023) or npLen2 (# = 0.630, p
<0.001) in pericardial fluids.

The presence and distribution of pLcn2 and npLcen2 were analyzed by
immunohistochemical staining of the pericardial tissue biopsies (Figure 6). While both pLcn2
and npLcn2 were detected in cells [referred to as leukocytes] located within or close to blood
or lymph vessels, their patterns of distribution were significantly different when comparing
the staining images from adjacent sections. The number of leukocytes containing pL.cn2 was
significantly less than those with npLcn2. Moreover, no positive staining for pLcen2 was
found in cells of the paracardial adipose tissue and the mesothelial cell layer.

Based on the distribution of npLcn2 protein, samples were sorted into those with no
or less than five positively stained cells (group I, n = 9), or more than five positively stained
cells [mainly leukocytes] (group II, n = 11), and those with the positive staining widely
distributed in leukocytes, adipocytes and mesothelial cells (group III, n = 12). Compared to
Group I and 11, subjects in Group III exhibited the highest npLcn2 levels in both plasma and
pericardial fluid samples. Compared to Group I, plasma TC and creatinine concentrations
were significantly elevated in subjects from both Group II and III (Figure 2). From group I to
group III, the circulating LDL levels and HbA1c) were progressively increasing, whereas the
plasma HDL and adiponectin levels gradually decreased (Figure 7). The pericardial fluid
contents of CRP were the highest in samples from Group III (1710.7 ng/ml) subjects when
compared to the other two groups (932.1 and 1149.8 ng/ml in Group I and II, respectively).
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CLAIMS
We claim:
1. A method for treating and/or managing and/or preventing a cardiometabolic

disease in a subject, the method comprising the steps of:
(a) determining the level of non-polyaminated lipocalin-2 (npLcn2) in:
1) a test sample obtained from the subject, and
i1) optionally a control sample;
(b) optionally, obtaining one or more reference values corresponding to the level of
npLcn2; and
(c) identifying the subject as:
1) having or having high risk of developing the cardiometabolic disease based
on the level of npLcn2 in the test sample and optionally, administering to the subject a
therapy designed to treat and/or manage and/or prevent the cardiometabolic disease,
or
i1) identifying the subject as not having or having low risk of developing the
cardiometabolic disease based on the level of npLcn2 in the test sample and
withholding from the subject the therapy designed to treat and/or manage and/or

prevent the cardiometabolic disease.

2. The method of claim 1, wherein the therapy to treat and/or manage and/or
prevent the cardiometabolic disease comprises administering to the subject an antibody that

specifically binds to pLcn2 or npLen2.

3. The method of claim 1, wherein the control sample is obtained from one or
more of the following: an individual belonging to the same species as the subject and not
having the cardiometabolic disease, an individual belonging to the same species as the subject
and known to have a low risk or no risk of developing the cardiometabolic disease; the

subject prior to having the cardiometabolic disease.

4. The method of claim 2, wherein the control sample and the test sample are

obtained from the same type of an organ or tissue.
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5. The method of claim 3, wherein the organ or tissue is placenta, brain, eyes,
pineal gland, pituitary gland, thyroid gland, parathyroid glands, thorax, heart, lung, esophagus,
thymus gland, pleura, adrenal glands, appendix, gall bladder, urinary bladder, large intestine,
small intestine, kidneys, liver, pancreas, spleen, stoma, ovaries, uterus, skin, blood or buffy

coat sample of blood.

6. The method of claim 2, wherein the control sample and the test sample are

obtained from the same type of a body fluid.

7. The method of claim 5, wherein the body fluid is amniotic fluid, aqueous
humor, vitreous humor, bile, blood, cerebrospinal fluid, chyle, endolymph, perilymph, female
ejaculate, lymph, mucus (including nasal drainage and phlegm), pericardial fluid, peritoneal
fluid, pleural fluid, pus, rheum, saliva, sputum, synovial fluid, vaginal secretion, blood, serum

or plasma.

8. The method of claim 1, wherein the level of pLcn2 and/or npLen?2 in the test
sample and optionally, the control sample, are determined by an antibody based assay or

protein mass-spectrometry.

9. The method of claim 8, wherein the antibody based assay is western blot
analysis, enzyme immunoassay (EIA), enzyme linked immunosorbent assay (ELISA),
radioimmune assay (RIA), immunehistological analysis, and antigen-antibody precipitation

assay.

10. The method of claim 1, wherein the subject is a mammal.

11. The method of claim 10, wherein the mammal is a human, ape, canine, pig,

bovine, rodent, or feline.

12.  An antibody or an antigen binding fragment of an antibody that specifically
binds to pLcn2 or npLen2.
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13. The antibody or the antigen fragment thereof to claim 12, selected from
chimeric antibody, humanized monoclonal antibody, a single chain antibody, a single chain

fragment variable (scFv) antibody, or a fragment antigen-binding (Fab fragment).

14. An assay comprising determining the level npLcn2 in:
1) a test sample obtained from the subject, and

i1) optionally, a control sample.

15. The assay of claim 14, wherein the assay is an antibody based assay or protein

mass-spectrometry.

16. The assay of claim 15, wherein the antibody based assay is western blot
analysis, EIA, ELISA, RIA, immunehistological analysis, and antigen-antibody precipitation

assay.

17.  An assay for determining whether the level of pLcn2 and/or npLen2 in a test
sample obtained from a subject is above or below a threshold level, the assay comprising the
steps of’

a) determining the level of pLcn2 and/or npLen2 in:

1) a test sample obtained from the subject, and
i1) optionally, a control sample; and
b) determining whether the level of pLcn2 and/or npLen2 in a test sample obtained

from a subject is above or below the threshold level.

18. The method of claim 17, wherein the test sample is a urine sample and the

threshold level for pLcn2 is about 110 ng/ml or about 400 ng/ml.

19. The method of claim 17, wherein the test sample is a urine sample and the

threshold level for npLcn2 is about 11 ng/ml or 26 ng/ml.

20. A device that indicates whether the level of pLcn2 and/or npLen2 in a test
sample obtained from a subject is above or below a threshold level, wherein the device

provides a first signal if the level of pLcn2 and/or npLcen2 in a test sample obtained from a
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subject is above a threshold level and the device provides a second signal if the level of
pLcn2 and/or npLen2 in the test sample obtained from the subject is below the threshold level.

21. A device that indicates whether the level of pLcn2 and/or npLen2 in a test
sample obtained from a subject is above or below a threshold level by providing a signal,
wherein the device provides the signal only if the level of pLcn2 and/or npLen2 in a test
sample obtained from a subject is above the threshold level or the device provides the signal

only if the level of pLcn2 and/or npLcen2 in the test sample obtained from the subject is below

the threshold level.
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