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GALECTIN-3 IMMUNOASSAY 

REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of and priority to U.S. Provisional Patent 

Application No. 61/109,366, filed October 29, 2008, the complete disclosure of which is 

incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

5 [0002] Heart failure (HF) is a major public health problem in the United States. 

Approximately 5 million people suffer from the disease and the number of patients is steadily 

increasing. HF is a common but severe and complex clinical syndrome, especially among 

elderly people. HF refers to a condition in which the heart fails to pump enough blood to meet 

the body's needs. Insufficient pumping leads to the congestion of blood and other fluid in the 

10 liver, abdomen, lower extremities, and lungs. Thus, HF has also been called congestive heart 

failure (CHF), although the term HF is preferred because not all patients exhibit fluid 

congestion. HF results in a gradual deterioration of the patient often leading to cardiovascular 

mortality. Thus, a large number of patients die within one to five years after diagnosis. 

However, others may remain stable for prolonged periods. HF is a very different disease from 

15 heart ischemia caused by myocardial infarction or reperfusion injury. 

[0003] Symptoms of HF include fatigue, weakness, rapid or irregular heartbeat, 

shortness of breath, persistent cough or wheezing, swelling of lower extremities or abdomen, 

sudden weight gain from fluid retention, lack of appetite or nausea, and chest pain. Currently, 

an important diagnostic test for HF is the comprehensive 2-dimensional echocardiogram 

20 together with Doppler flow studies to determine whether structural abnormalities exist. This 

test can determine the fraction of blood being pumped out of the ventricle (the ejection fraction, 

EF), which is an important measurement of heart function. The ejection fraction for a normal 

heart is approximately 60%. One or more of the following tests may also be used: 

radionuclide ventriculography, magnetic resonance imaging (MRI), a complete blood count, 

25 urinalysis, serum electrolytes, glycohemoglobin and blood lipids, tests of renal and hepatic 

function, tests of thyroid function, a chest radiograph, and a 12-lead electrocardiogram. 

Additionally, blood tests for biomarkers, such as B-type natriuretic peptide (BNP), can be 
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performed. BNP is upregulated in response to the stretching of cardiomyocytes. Thus, a high 

level of BNP is indicative of a heart under stress, and is a good indicator of heart failure. 

However, other mechanisms that play a role in heart failure, such as inflammation, may not be 

reflected by an increase in BNP. 

5 [0004] Early identification of patients at risk for developing HF may prevent rapid 

progression. Thus, it would be preferable to be able to identify those patients in whom heart 

failure is likely to occur before it actually does so. In addition, it would be preferable to be able 

to identify those patients suffering from heart failure who are at risk for developing severe 

complications or premature death. 

10 [0005] Current methods can reliably exclude HF, but cannot reliably prove the 

existence of HF, nor can they predict the outcome of established HF. A need therefore exists 

for a simple and reliable method for predicting the likelihood of onset of HF symptoms and for 

assessing severity, stage of disease, and/or predicting the outcome of already established heart 

failure. 

[0006] To find additional biochemical markers that reflect other mechanisms that play a 

role in heart failure, a microarray study was performed to determine which genes were 

upregulated in hypertensive rats that progressed to heart failure, compared to hypertensive rats 

that remained compensated (Schroen et al. (2004) Circ. Res. 95(5):515-22.). The gene most 

robustly upregulated in rats that progressed to heart failure was the beta-galactoside-binding 

lectin galectin-3. This finding was confirmed in a study by Sharma et al., which showed that 

high levels of galectin-3 are predictive for the development of heart failure in a rat model of 

hypertension (2004 Circulation 110(19):3121-8). This study further demonstrated the ability of 

exogenously applied galectin-3 to induce heart failure and excess collagen deposition. 

Recently, the concentration of galectin-3 in human plasma and serum was correlated with 

severity of HF, see International Patent Publication No. W02005/040817, and corresponding 

U.S. Patent Application No. 10/575,745. 
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[0007] Galectins constitute a family of proteins characterized by their galactose-specific 

binding. All share common amino acid sequence in regions of their structure known as the 

carbohydrate recognition domain or CRD. Currently, 15 mammalian galectins have been 

identified. One subgroup contains galectins 1, 2, 5, 7, 10, 13, 14, and 15, each of which 

5 comprises a single CRD. A second subgroup contains a single species, galectin-3, which 

comprises a single CRD linked to an N-terminal domain comprising repeats of short amino acid 

sequences such as PGA. A third galectin subgroup contains galectins 4, 6, 8, 9, and 12, each of 

which comprises two CRDs joined by a linker of variable length. All of the galectins have 

significant amino acid sequence homology, and many appear in the human circulatory system. 

[0008] Assays for galectin-3 exist, but none are suitable for routine clinical use. A 

suitable assay heretofore has eluded the art because of the complexity of galectin-3 as an 

analyte. It is difficult to specifically distinguish galectin-3 from other galectins in a sample, 

because galectin-3 shares a high degree of sequence similarity to the other 14 mammalian 

galectins, particularly in the conserved carbohydrate recognition domain (CRD). None of the 

other galectins has a known relation with HF. Another feature of galectin-3 that has hindered 

the development of a specific, reproducible detection assay is the propensity of galectin-3 to 

bind to various proteins, carbohydrates, nucleic acids and lipids. If an assay were developed 

that is industrially robust and sensitive and specific enough to quantitatively measure galectin-3 

reproducibly in body fluids such as blood samples, the diagnosis and management of HF could 

be improved. 

SUMMARY OF THE INVENTION 

[0009] Methods for the detection of galectin-3 in clinical samples now have been 

identified and developed. It has now been discovered that the use of two binding moieties that 

bind specifically to at least two separate, non-overlapping epitopes on the N-terminus of 

25 galectin-3 can be used to produce various specific sandwich assay formats that can provide the 

reproducibility, specificity and sensitivity needed to diagnose and predict the outcome of 

subjects with HF. Accordingly, the present invention provides methods and kits for detecting 

the level of galectin-3 in a clinical sample. This permits improved management of the disease 

and provides diagnostic/prognostic information useful in its triage and management. 
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[0010] In one aspect, the invention relates to a kit for detecting the concentration of 

galectin-3 in a sample. The kit includes two binding moieties, e.g., monoclonal antibodies, at 

least one of which is labeled with a detectable label. The two binding moieties each bind 

respectively to spaced-apart epitopes on the N-terminal portion of galectin-3, which comprises 

5 the following 113 amino acid sequence: 

MADNFSLHDA LSGSGNPNPQ GWPGAWGNQP AGAGGYPGAS YPGAYPGQAP 

PGAYPGQAPP GAYPGAPGAY PGAPAPGVYP GPPSGPGAYP SSGQPSATGA 

YPATGPYGAP AGP (SEQ ID NO:1) 

[0011] In one embodiment, the binding moieties respectively bind to an epitope defined 

10 by at least a portion of one of the following galectin-3 amino acid sequences: 

MADNFSLHDALS (amino acids 1-12 of SEQ ID NO:l), MADNFSLHDALSGS (amino acids 1-

14 of SEQ ID NO:l), GNPNPQGWPGA (amino acids 15-25 of SEQ ID NO:l), WGNQPAGAGG 

(amino acids 26-35 of SEQ ID NO:l), YPGQAPPGAYPGQAPPGA (amino acids 45-62 of SEQ 

ID NO:l), YPGAPGAYPGAPAPGV (amino acids 63-78 of SEQ ID NO:l), 

15 YPGAPAPGVYPGPPSGPGA (amino acids 70-88 of SEQ ID NO:l), YPSSGQPSATGA 

(amino acids 89-100 of SEQ ID NO:l). While these depict linear epitopes, epitopes created by 

the secondary and tertiary structure of the N-terminus and comprising amino acids from 

spaced-apart sections of the sequence also may be used. 

[0012] In another embodiment, the binding moieties used to detect galectin-3 are 

20 monoclonal antibodies, for example, M3/38, 9H3.2, and 87B5. M3/38 detects a linear epitope 

(YPGQAPPGAYPGQAPPGA (amino acids 45-62 of SEQ ID NO:l)) on the N-terminus of 

galectin-3. M3/38 was prepared from the supernatant of the rat hybridoma M3/38.1.2.8 HL.2, a 

clone of which can be found in the American Type Culture Collection with ATCC® number 

TIB-166. 9H3.2 detects a linear epitope (MADNFSLHDALSGS (amino acids 1-14 of SEQ ID 

25 NO:l)) at the extreme N-terminus of galectin-3. 9H3.2 is a mouse monoclonal IgG, affinity 

purified using protein A. 9H3.2 is available from Millipore (Millipore, 290 Concord Road, 

Billerica, MA 01821, USA), catalog no.: MAB4033. 87B5 detects a non-linear epitope 

comprising portions of GNPNPQGWPGA (amino acids 15-25 of SEQ ID NO:l) and 

YPGAPAPGVYPGPPSGPGAYPSSGQPSATGA (amino acids 70-100 of SEQ ID NO:l). 87B5 

30 was prepared from the mouse-mouse hybridoma (X63-Ag8.653xBALB/c mouse spleen cells) 
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clone 87B5, and is an IgG2a that was affinity purified using Protein A. 87B5 is available from 

Immuno-Biological Laboratories (IBL, 8201 Central Ave NE, Suite P, Minneapolis, MN 55432 

USA) 

[0013] In another aspect, the present invention relates to a method for detecting the 

5 level of human galectin-3 in a sample from a subject. The method includes subjecting the 

sample to a double binding moiety sandwich assay. In this method, at least one of the binding 

moieties is labeled with a detectable label and each of the binding moieties is specific for 

respective, non-overlapping epitopes on the N-terminal portion of galectin-3, such as those 

described above. In one embodiment, the detectable label is an enzyme or a fluorophore. The 

10 sandwich assay may provide a quantitative result or a qualitative result, for example, a result 

indicative of the presence or absence of a galectin-3 concentration above a threshold. The 

threshold may be in the range of, for example, 5-10 ng/ml, 10 - 15 ng/ml; 15 - 20 ng/ml; 20 -

25 ng/ml; 25 - 30 ng/ml; 30 - 35 ng/ml, or 35 - 40 ng/ml. 

[0014] The method may include the additional step of comparing the result obtained in 

15 the assay to a data set relating the result to a galectin-3 concentration, e.g., a standard curve, to 

determine the concentration of galectin-3 in the sample, and then correlating the inferred 

concentration of galectin-3 with the risk that a subject is suffering from or at risk for 

developing HF, or to assess the stage or severity of the subject's HF. Of course, the result also 

may be directly correlated with the risk that a subject is suffering from or at risk for developing 

20 HF, or to assess the stage or severity of the subject's HF. The method may be repeated over 

time to obtain a trend. Additional variables may be considered such as, but not limited to, a 

subject's height, weight, age, sex, levels of other biomarkers, etc., to determine a subject's risk 

for developing HF, or to assess the stage of the subject's HF or its severity. 

[0015] In another aspect, the present invention relates to a method for detecting a risk 

25 of development or progression of heart failure in a subject, including determining whether the 

galectin-3 concentration in a sample from the subject exceeds a threshold in the range of 15-20 

ng/ml. 
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DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cartoon drawing of a double monoclonal sandwich assay of the type 

exploited by the invention. 

Figure 2 is an exemplary hypothetical standard curve relating signal to galectin-3 

concentration useful in explaining the nature of the invention. 

Figure 3 is an exemplary second hypothetical standard curve relating signal to galectin-

3 concentration useful in explaining the nature of the invention. 

Figure 4 is an exemplary survival probability curve for subjects with baseline galectin-3 

level above and below a threshold value of 17.6 ng/ml in the acute decompensated HF study 

described in Example 2E. 

Figure 5 is an exemplary survival probability curve for subjects with baseline galectin-3 

level above and below a threshold value of 17.6 ng/ml in the Chronic HF Study I described in 

Example 2F. 

Figure 6 is an exemplary survival probability curve for subjects with baseline galectin-3 

level above and below a threshold value of 17.6 ng/ml in the Chronic HF Study II described in 

Example 2G. 

DESCRIPTION OF THE INVENTION 
Definitions 

[0016] The terms "quantify" and "quantitate," as used herein, refer to the process of 

measuring the amount of galectin-3, or the relative amount of galectin-3, in a sample versus a 

standard or another sample (e.g., in terms of its concentration, mass, moles, or volume in a 

sample). 

[0017] The terms "heart failure," "HF," "congestive heart failure, or "CHF" as used 

herein, refer to the complex clinical syndrome that impairs the ability of the ventricle to fill 

with or eject blood. Any structural or functional cardiac disorder can cause HF, with the 

majority of HF patients having impaired left ventricular (LV) myocardial function. Symptoms 

of HF include dyspnea (shortness of breath), fatigue, and fluid retention. The American Heart 

Association (AHA) has identified 4 stages in the development of HF. Patients in stages A and 

B show clear risk factors but have not yet developed HF. Patients in stages C and D currently 

exhibit or in the past have exhibited symptoms of HF. For example, Stage A patients are those 
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with risk factors such as coronary artery disease, hypertension or diabetes mellitus who do not 

show impaired left ventricular (LV) function. Stage B patients are asymptomatic, but have 

cardiac structural abnormalities or remodeling, such as impaired LV function, hypertrophy or 

geometric chamber distortion. Stage C patients have cardiac abnormalities and are 

5 symptomatic. Stage D patients have refractory HF in which they exhibit symptoms despite 

maximal medical treatment. They are typically recurrently hospitalized or unable to leave the 

hospital without specialized intervention. 

Galectin-3 

[0018] Galectin-3 (GenBank Accession Nos.: NC_000014.7 (gene) and NP_002297.2 

10 (protein)) is one of 15 mammalian beta galactoside-binding lectins, or "galectins," 

characterized by their galactose-specific binding. Galectin-3 has variously been referred to in 

the literature as LGALS3, MAC-2 antigen, Carbohydrate binding protein (CBP)-35, laminin 

binding protein, galactose-specific lectin 3, mL-34, L- 29, hL-31, epsilon BP, and IgE-binding 

protein. Galectin-3 is composed of a carboxyl-terminal carbohydrate recognition domain 

15 (CRD) and amino-terminal tandem repeats (Liu, F.-T. (2000) Role of galectin-3 in 

inflammation. In Lectins and Pathology. M. Caron and D. Seve, eds. Harwood Academic 

Publishers, Amsterdam, The Netherlands, p. 51; Liu, F.-T. et al. (1995) Am. J. Pathol. 

147:1016). Galectin-3 normally distributes in epithelia of many organs and various 

inflammatory cells, including macrophages as well as dendritic cells and Kupfer cells (Flotte, 

20 T.J. etal. (1983) Am. /. Pathol. 111:112). 

[0019] Galectin-3 has been shown to play a role in a variety of cellular process, 

including cell-cell adhesion, cell-matrix interactions, phagocytosis, cell cycle, apoptosis, 

angiogenesis and mRNA splicing. Galectin-3 has been shown to function through both 

intracellular and extracellular actions (Sano, H. et al. (2000) The Journal of Immunology, 

25 165:2156-2164). It is a component of heterogeneous nuclear ribonuclear protein (hnRNP) 

(Laing, J. G. et al. (1998) Biochemistry 27:5329), a factor in pre-mRNA splicing (Dagher, S. F. 

et al. (1995) Proc. Natl. Acad. Sci. USA 92:1213) and has been found to control the cell cycle 

(Kim, H.-R. C. et al. (1999) Cancer Res. 59:4148) and prevent T-cell apoptosis through 

interaction with the Bcl-2 family members (Yang, R.-Y. et al. (1996) Proc. Natl. Acad. Sci. 

30 USA 93:6737). On the other hand, galectin-3, which is secreted from monocytes/macrophages 

(Sato, S. et al. (1994) J. Biol. Chem. 269:4424) and epithelial cells (Lindstedt, R. G. et al. 
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(1993) J. Biol. Chem. 268:11750) has been demonstrated to function as an extracellular 

molecule in activating various types of cells such as monocytes/macrophages (Liu, F.-T. (1993) 

Immunol Today 14:486), mast cells, neutrophils and lymphocytes (Hsu, D. K.,S. R. et al. 

(1996). Am. J. Pathol. 148:1661). Galectin-3 has been shown to act as a novel chemoattractant 

5 for monocytes and macrophages (Sano, H. et al. (2000) The Journal of Immunology, 2000, 

165:2156-2164). Galectin-3 has been implicated in diseases and conditions such as cancer, 

inflammation, and heart failure. As disclosed in International Patent Publication No. 

W02005/040817, quantitation of galectin-3 is particularly suitable for use in an assay to 

diagnose and detect the severity of HF and to predict outcome. 

10 [0020] Unlike the other mammalian galectins, galectin-3 comprises an atypical N-

terminal domain, comprising the amino acid sequence: 

MADNFSLHDA LSGSGNPNPQ GWPGAWGNQP AGAGGYPGAS YPGAYPGQAP 

PGAYPGQAPP GAYPGAPGAY PGAPAPGVYP GPPSGPGAYP SSGQPSATGA 

YPATGPYGAP AGP (SEQ ID NO:1). 

[0021] As can be appreciated from an inspection, the sequences of the N-terminus of 

galectin-3 are dissimilar to sequences of other mammalian galectins but comprise multiple 

repeats of the type PGAYPG(X)i_4(SEQ ID NO:2), with intervening proline-, glycine-, and 

tyrosine-rich regions. The existence of repeated sequences in the N-terminal domain decreases 

the number of different potential epitopes specific to galectin-3, complicating the development 

of a detection assay. However, it has now been discovered that N-terminal epitopes can 

reliably distinguish galectin-3 from other mammalian galectins. Using the assays disclosed 

herein it is possible to correlate reliably and reproducibly galectin-3 clinical results with the 

presence, severity and stage of progression of HF in a subject. Exemplary N-terminal epitopes 

include, but are not limited to, MADNFSLHDALS (amino acids 1-12 of SEQ ID NO:l), 

MADNFSLHDALSGS (amino acids 1-14 of SEQ ID NO:l), GNPNPQGWPGA (amino acids 15-

25 of SEQ ID NO:l), WGNQPAGAGG (amino acids 26-35 of SEQ ID NO:l), 

YPGQAPPGAYPGQAPPGA (amino acids 45-62 of SEQ ID NO:l), YPGAPGAYPGAPAPGV 

(amino acids 63-78 of SEQ ID NO:l), YPGAPAPGVYPGPPSGPGA (amino acids 70-88 of 

SEQ ID NO:l), YPSSGQPSATGA (amino acids 89-100 of SEQ ID NO:l), where the letters 

represent standard amino acid code. Other epitopes appear on the N-terminus comprising 
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amino acids spaced apart on the primary structure but presented together in the tertiary 

structure, and these also can be addressed by the binders used in the assays of the invention. 

Detection of Galectin-3 by Sandwich Assay 

[0022] According to the methods of the invention, the concentration of galectin-3 may 

5 be quantitated in a bodily fluid sample using a pair of binding moieties that bind specifically to 

N-terminal portions of galectin-3. A "binding moiety" refers to a molecule that binds or 

interacts selectively or preferentially with a polypeptide or peptide. Examples of binding 

moieties include, but are not limited to, proteins, such as antibodies, galectin binding protein 

(GBP) interaction fusion protein, peptide aptamers, avimers, Fabs, sFvs, Adnectins and 

10 Affibody® ligands; nucleic acids, such as DNA and RNA (including nucleotide aptamers), and 

lipids, such as membrane lipids. 

[0023] The methods and compositions of the present invention can be used to detect the 

concentration of galectin-3 in a clinical sample, such as serum, for the diagnosis of HF. 

According to the methods of the invention, the test sample used in the detection of galectin-3 

15 can be any body fluid or tissue sample, including, but not limited to, whole blood, serum, 

plasma, or lymph, and less preferably urine, gastric juices, bile, saliva, sweat, and spinal fluids, 

stool, or muscle biopsy. In a preferred embodiment, the sample is a blood sample. In another 

embodiment, the sample is a plasma sample. Serum samples may also be used. Furthermore, 

the body fluids may be either processed (e.g., serum) or unprocessed. Methods of obtaining a 

20 body fluid from a subject are known to those skilled in the art. 

[0024] According to the methods of the invention, galectin-3 is detected and quantified 

using a "sandwich" assay. In this embodiment, two molecules ("binding moieties") such as 

monoclonal antibodies that specifically bind to non-overlapping sites ("epitopes") on the N-

terminus of galectin-3 are used. See Fig. 1. Typically, one binding moiety is immobilized on a 

25 solid surface where it binds with and captures galectin-3. This first binding moiety is therefore 

also referred to herein as the capture binding moiety. A second binding moiety is detectably 

labeled, for example, with a fluorophore, enzyme, or colored particle, such that binding of the 

second binding moiety to the galectin-3-complex indicates that galectin-3 has been captured. 

The intensity of the signal is proportional to the concentration of galectin-3 in the sample. The 

30 second binding moiety is therefore also referred to herein as the detection binding moiety or 

label binding moiety. A binding moiety can be any type of molecule, as long as it specifically 
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binds to a portion of the N-terminus of galectin-3. In a preferred embodiment, the binding 

moieties used are monoclonal anti-galectin-3 antibodies, i.e., monoclonals raised against or 

otherwise selected to bind to separate portions of the N-terminal 113 amino acids of galectin-3. 

[0025] Such assay procedures can be referred to as two-site immunometric assay 

5 methods, "sandwich" methods or (when antibodies are the binders) "sandwich immunoassays." 

As is known in the art, the capture and detection antibodies can be contacted with the test 

sample simultaneously or sequentially. Sequential methods, sometimes referred to as the 

"forward" method, can be accomplished by incubating the capture antibody with the sample, 

and adding the labeled detection antibody at a predetermined time thereafter. Alternatively, the 

10 labeled detection antibody can be incubated with the sample first and then the sample can be 

exposed to the capture antibody (sometimes referred to as the "reverse" method). After any 

necessary incubation(s), which may be of short duration, the label is detected and may also be 

measured. Such assays may be implemented in many specific formats known to those of skill 

in the art, including through use of various high throughput clinical laboratory analyzers or 

15 with point of care or home testing devices. 

[0026] In one embodiment, a lateral flow device may be used in the sandwich format, 

wherein the presence of galectin-3 above a baseline sensitivity level in a biological sample will 

permit formation of a sandwich interaction upstream of or at the capture zone in the lateral flow 

assay. See, for example, U.S. Patent No. 6,485,982. The capture zone as used herein may 

20 contain capture binding moieties such as antibody molecules, suitable for capturing galectin-3, 

or immobilized avidin or the like for capture of a biotinylated complex. See, for example, U.S. 

Patent No. 6,319,676. The device may also incorporate a luminescent label suitable for capture 

in the capture zone, the concentration of galectin 3 being proportional to the intensity of the 

signal at the capture site. Suitable labels include fluorescent labels immobilized on polystyrene 

25 microspheres. Colored particles also may be used. 

[0027] Other assay formats that may be used in the methods of the invention include, 

but are not limited to, flow-through devices. See, for example, U.S. Patent No. 4,632,901. In a 

flow-through assay, one binding moiety (for example, an antibody) is immobilized to a defined 

area on a membrane surface. This membrane is then overlaid on an absorbent layer that acts as 

30 a reservoir to pump sample volume through the device. Following immobilization, the 

remaining protein-binding sites on the membrane are blocked to minimize non-specific 
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interactions. In operation, a biological sample is added to the membrane and filters through, 

allowing any analyte specific to the antibody in the sample to bind to the immobilized antibody. 

In a second step, a labeled secondary antibody may be added or released that reacts with 

captured marker to complete the sandwich. Alternatively, the secondary antibody can be mixed 

5 with the sample and added in a single step. If galectin-3 is present, a colored spot develops on 

the surface of the membrane. 

[0028] The most common enzyme immunoassay is the "Enzyme-Linked 

Immunosorbent Assay (ELISA)." ELISA is a technique for detecting and measuring the 

concentration of an antigen using a labeled (e.g., enzyme linked) form of the antibody. There 

10 are different forms of ELISA, which are well known to those skilled in the art. The standard 

techniques known in the art for ELISA are described in "Methods in Immunodiagnosis", 2nd 

Edition, Rose and Bigazzi, eds. John Wiley & Sons, 1980; Campbell et al., "Methods and 

Immunology", W. A. Benjamin, Inc., 1964; and Oellerich, M. (1984), J. Clin. Chem. Clin. 

Biochem. 22:895-904. 

15 [0029] In a "sandwich ELISA," an antibody (e.g., anti-galectin-3) is linked to a solid 

phase (i.e., a microtiter plate) and exposed to a biological sample containing antigen (e.g., 

galectin-3). The solid phase is then washed to remove unbound antigen. A labeled antibody 

(e.g., enzyme linked) is then bound to the bound antigen, forming an antibody-antigen-antibody 

sandwich. Examples of enzymes that can be linked to the antibody are alkaline phosphatase, 

20 horseradish peroxidase, luciferase, urease, and (3-galactosidase. The enzyme-linked antibody 

reacts with a substrate to generate a colored reaction product that can be measured. This 

measurement can be used to derive the concentration of galectin-3 present in a sample, for 

example, by comparing the measurement to a galectin-3 standard curve. Galectin-3 

concentration in a sample from a subject may be determined to be above or below a threshold. 

25 The threshold may be in the range of, for example, 5-10 ng/ml, 10 - 15 ng/ml; 15 - 20 ng/ml; 

20 - 25 ng/ml; 25 - 30 ng/ml; 30 - 35 ng/ml, or 35 - 40 ng/ml. 

[0030] Any of the immunoassays described herein suitable for use with the kits and 

methods of the present invention can also use any binding moiety in the place of an antibody. 
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Binding Moieties 

[0031] In a preferred embodiment of the invention, anti-galectin-3 antibodies, 

preferably monoclonal antibodies, are used as binding moieties. 

Monoclonal Antibodies 

5 [0032] In preferred embodiments of the invention, monoclonal antibodies are used. A 

monoclonal antibody refers to an antibody that is derived from a single clone, including any 

eukaryotic, prokaryotic, or phage clone. The monoclonal antibody may comprise, or consist of, 

two proteins, i.e., heavy and light chains. The monoclonal antibody can be prepared using one 

of a wide variety of techniques known in the art including the use of hybridoma, recombinant, 

10 and phage display technologies, or a combination thereof. 

[0033] Anti-galectin-3 monoclonal antibodies may be prepared using any known 

methodology, including the seminal hybridoma methods, such as those described by Kohler 

and Milstein (1975), Nature. 256:495. In a hybridoma method, a mouse, hamster, or other 

appropriate host animal is immunized with an immunizing agent to elicit lymphocytes that 

15 produce or are capable of producing antibodies that will specifically bind to the immunizing 

agent. Alternatively, the lymphocytes may be immunized in vitro. 

[0034] The immunizing agent will typically include at least a portion of the galectin-3 

polypeptide or a fusion protein thereof. For example, synthetic polypeptide or recombinant 

polypeptide comprising any galectin-3 N-terminal epitopes may be used as an immunizing 

20 agent. Exemplary N-terminal epitopes include, but are not limited to, MADNFSLHDALS (amino 

acids 1-12 of SEQ ID NO:l), MADNFSLHDALSGS (amino acids 1-14 of SEQ ID NO:l), 

GNPNPQGWPGA (amino acids 15-25 of SEQ ID NO:l), WGNQPAGAGG (amino acids 26-35 of 

SEQ ID NO:l), YPGQAPPGAYPGQAPPGA (amino acids 45-62 of SEQ ID NO:l), 

YPGAPGAYPGAPAPGV (amino acids 63-78 of SEQ ID NO:l), YPGAPAPGVYPGPPSGPGA 

25 (amino acids 70-88 of SEQ ID NO:l), YPSSGQPSATGA (amino acids 89-100 of SEQ ID 

NO: 1). A fusion protein may be made by fusing a polypeptide to a carrier protein, for example, 

keyhole limpet hemocyanin (KLH, EMD Biosciences, San Diego, Calif.), BSA (EMD 

Biosciences, San Diego, Calif.), or ovalbumin (Pierce, Rockford, 111.). The immunizing agent 

may be administered to a mammal with or without adjuvant according to any of a variety of 
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standard methods. The immunizing agent may be administered only once, but is preferably 

administered more than once according to standard boosting schedules. 

[0035] Generally, either peripheral blood lymphocytes ("PBLs") are used if cells of 

human origin are desired, or spleen cells or lymph node cells are used if non-human 

5 mammalian sources are desired. The lymphocytes are then fused with an immortalized cell line 

using a suitable fusing agent, such as polyethylene glycol, to form a hybridoma cell population 

which is screened for species having appropriate specificity and affinity to epitopes on the N-

terminal portion of galectin-3 (Goding, (1986) Monoclonal Antibodies: Principles and Practice, 

Academic Press, pp. 59-103). Immortalized cell lines are usually transformed mammalian 

10 cells, particularly myeloma cells of rodent, bovine and human origin. Usually, rat or mouse 

myeloma cell lines are employed. The hybridoma cells may be cultured in a suitable culture 

medium that preferably contains one or more substances that inhibit the growth or survival of 

the unfused, immortalized cells. For example, if the parental cells lack the enzyme 

hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for 

15 the hybridomas typically will include hypoxanthine, aminopterin, and thymidine ("HAT 

medium"), which substances prevent the growth of HGPRT-deficient cells. 

[0036] Preferred immortalized cell lines are those that fuse efficiently, support stable 

high level expression of antibody by the selected antibody-producing cells, and are sensitive to 

a medium such as HAT medium. More preferred immortalized cell lines are murine myeloma 

20 lines, which can be obtained, for instance, from the Salk Institute Cell Distribution Center, San 

Diego, California and the American Type Culture Collection, Manassas, Virginia. Human 

myeloma and mouse-human heteromyeloma cell lines also have been described for the 

production of human monoclonal antibodies (Kozbor, J. (1984) Immunol., 133:3001; Brodeur 

et al., Monoclonal Antibody Production Techniques and Applications, Marcel Dekker, Inc., 

25 New York, (1987) pp. 51-63). 

[0037] The culture medium in which the hybridoma cells are cultured can then be 

assayed for the presence of monoclonal antibodies directed against the N-terminus of galectin-

3, e.g., by screening with a labeled galectin-3 N-terminal polypeptide. Preferably, the binding 

specificity of monoclonal antibodies produced by the hybridoma cells is determined by 

30 immunoprecipitation or by an in vitro binding assay, such as radioimmunoassay (RIA) or 

enzyme-linked immunoabsorbent assay (ELISA). Such techniques and assays are known in the 
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art. The binding affinity of the monoclonal antibody can, for example, be determined by the 

Scatchard analysis of Munson and Pollard (1980), Anal. Biochem., 107:220. Various analysis 

protocols to determine binding specificity are available commercially as kits or as a service. 

[0038] Monoclonal antibodies also may be made by recombinant DNA methods, such 

5 as those described in U.S. Patent No. 4,816,567. DNA encoding suitable monoclonal 

antibodies can be isolated and sequenced using conventional procedures (e.g., by using 

oligonucleotide probes that are capable of binding specifically to genes encoding the heavy and 

light chains of murine antibodies). The hybridoma cells serve as a preferred source of such 

DNA. Once isolated, the DNA may be placed into expression vectors, which are then 

10 transfected into host cells such as simian COS cells, Chinese hamster ovary (CHO) cells, or 

myeloma cells that do not otherwise produce immunoglobulin protein, to obtain the synthesis 

of monoclonal antibodies in the recombinant host cells. The DNA also may be modified, for 

example, by substituting the coding sequence for human heavy and light chain constant 

domains in place of the homologous murine sequences (U.S. Patent No. 4,816,567; Morrison et 

15 al., (1984) Proc. Natl. Acad. Sci. USA, 81:6851) or by covalently joining to the 

immunoglobulin coding sequence all or part of the coding sequence for a non-immunoglobulin 

polypeptide. Such a non-immunoglobulin polypeptide can be substituted for the constant 

domains of an antibody of the invention, or can be substituted for the variable domains of one 

antigen-combining site of an antibody of the invention to create a chimeric bivalent antibody. 

20 [0039] The antibodies may be monovalent antibodies. Methods for preparing 

monovalent antibodies are well known in the art. For example, one method involves 

recombinant expression of immunoglobulin light chain and modified heavy chain. The heavy 

chain is truncated generally at any point in the Fc region so as to prevent heavy chain 

crosslinking. Alternatively, the relevant cysteine residues are substituted with another amino 

25 acid residue or are deleted so as to prevent crosslinking. 

[0040] In vitro methods are also suitable for preparing monovalent antibodies. 

Digestion of antibodies to produce fragments thereof, particularly, Fab fragments, can be 

accomplished using routine techniques known in the art. 
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[0041] Antibodies can also be produced using phage display libraries (Hoogenboom 

and Winter (1991), /. Mol. Biol. 227:381; Marks et al. (1991), /. Mol. Biol., 222:581). The 

techniques of Cole et al. and Boerner et al. are also available for the preparation of monoclonal 

antibodies (Cole et al. (1985), Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, p. 77 

5 and Boerner et al. (1991), J. Immunol., 147(l):86-95). Similarly, antibodies can be made by 

introducing of immunoglobulin loci into transgenic animals, e.g., mice in which the 

endogenous immunoglobulin genes have been partially or completely inactivated. 

[0042] The antibodies may also be affinity matured using known selection and/or 

mutagenesis methods as described above. Preferred affinity matured antibodies have an 

10 affinity which is five times, more preferably 10 times, even more preferably 20 or 30 times 

greater than the starting antibody from which the matured antibody is prepared. In a 

particularly preferred embodiment, the antibodies used to detect galectin-3 are monoclonal 

antibodies, for example, M3/38, 9H3.2, and 87B5. M3/38 detects a linear epitope 

(YPGQAPPGAYPGQAPPGA (amino acids 45-62 of SEQ ID NO:l)) on the N-terminus of 

15 galectin-3. M3/38 was prepared from the supernatant of the rat hybridoma M3/38.1.2.8 HL.2, a 

clone of which can be found in the American Type Culture Collection with ATCC® number 

TIB-166. 9H3.2 detects a linear epitope (MADNFSLHDALSGS (amino acids 1-14 of SEQ ID 

NO:l) at the extreme N-terminus of galectin-3. 9H3.2 is a mouse monoclonal IgG, affinity 

purified using protein A. 9H3.2 is available from Millipore (Millipore, 290 Concord Road, 

20 Billerica, MA 01821, USA), catalog no.: MAB4033. 87B5 detects a non-linear epitope 

comprising portions of GNPNPQGWPGA (amino acids 15-25 of SEQ ID NO:l) and 

YPGAPAPGVYPGPPSGPGAYPSSGQPSATGA (amino acids 70-100 of SEQ ID NO:l). 87B5 

was prepared from the mouse-mouse hybridoma (X63-Ag8.653xBALB/c mouse spleen cells) 

clone 87B5, and is an IgG2a that was affinity purified using Protein A. 87B5 is available from 

25 Immuno-Biological Laboratories (IBL, 8201 Central Ave NE, Suite P, Minneapolis, MN 55432 

USA). 

[0043] In a currently preferred embodiment, the capture binding moiety is the anti-

galectin-3 monoclonal antibody, M3/38 and the labeled detection binding moiety is a second 

anti-galectin-3 monoclonal antibody, 87B5. The given designations for these antibodies are not 

30 limiting. In another embodiment, the capture antibody is 9H3.2 and the labeled detection 
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binding moiety is M3/38. Other antibodies which recognize the epitopes described above also 

may be used. 

[0044] Other binding moieties may be used with the methods and kits of the present 

invention. Examples of binding moieties include, but are not limited to, proteins, peptide 

5 aptamers, avimers, Adnectins and Affibody® ligands; nucleic acids, such as DNA and RNA 

(including nucleotide aptamers), and lipids, such as membrane lipids. 

Aptamers 

[0045] Nucleotide aptamers are small peptides or small nucleotide sequences that bind 

with high affinity to a target of choice. Nucleotide aptamers are produced by a selection 

10 process called Systematic Evolution of Ligands by Exponential Enrichment (SELEX), also 

referred to as in vitro selection or in vitro evolution. In this procedure, a target molecule is 

exposed to a large, randomly generated oligonucleotide library. The unbound oligonucleotides 

are separated out of the mixture by any number of methods, usually affinity chromatography. 

The oligonucleotides that remain bound are eluted and amplified. The target molecule is then 

15 exposed to the newly-synthesized oligonucleotides, and the selection process is repeated for 

several rounds with increasingly stringent conditions to separate out unbound sequences. The 

resulting oligonucleotides are then sequenced to determine their identity. See U.S. Patent 

Application No. 07/536,428; U.S. Patent No. 5,475,096; and U.S. Patent No. 5,270,163. 

[0046] Peptide aptamers typically consist of a short variable peptide domain. Peptide 

20 aptamers comprise a variable peptide loop attached at both ends to a protein scaffold. This 

double structural constraint greatly increases the binding affinity of the peptide aptamer to 

levels comparable to an antibody's (nanomolar range). The variable loop length is typically 10 

to 20 amino acids, and the scaffold may be any protein that is soluble and compact, such as the 

bacterial protein thioredoxin A. A variable loop can be inserted within the reducing active site 

25 of thioredoxin A, which is a -Cys-Gly-Pro-Cys- loop in the wild protein, the two cysteine 

lateral chains being able to form a disulfide bridge. Peptide aptamer selection can be made 

using different systems, such as the yeast two-hybrid system. For further discussion of peptide 

aptamers, see International Patent Publication No. W02007/117657. 
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Avimers 

[0047] An avimer (avidity multimer) is a short peptide sequence that contains multiple 

regions of low affinity to a target. The presence of multiple unique regions of low affinity act 

together to produce a high affinity binding moiety. Small size and high disulfide density 

5 contribute to the low immunogenicity of avimers. To identify avimers with high binding 

affinity for a protein of interest, a highly diverse pool of monomers is created by synthetic 

recombination. This pool of monomers can be screened against a target protein using phage 

display or another preferred screening method. Once candidates are found, another monomer is 

added and the new library of dimers is screened against the target. After iteration, a trimer with 

10 very high binding affinity for its target protein is isolated (see Silverman et al. (2005), Nature 

Biotechnology 23, 1556 - 1561). 

Adnectins 

[0048] An Adnectin consists of a backbone of the natural amino acid sequence of a 

certain domain of human fibronectin and one to three targeting loops which contain 

15 randomized sequence. Adnectins are screened and isolated based on ability to specifically 

recognize a therapeutic target of interest (see, for example, U.S. Patent No. 6,818,418). 

Affibody® ligands 

[0049] Affibody® ligands are small peptides comprised of a "scaffold" domain and a 

variable domain. The "scaffold" domain comprises a non-cysteine three-helix bundle domain, 

20 a structure based on staphylococcal protein A. The variable domain contains randomly-

generated sequences which can be screened against a target of interest. Libraries of Affibody® 

ligands are constructed, and the libraries can be screened to find candidates with high binding 

affinity to a protein of interest. See Nygren, P.-A. (2008) FEBS Journal 275, 2668-2676. 

Naturally-occuring binding partners 

25 [0050] Naturally-occurring galectin-3 binding partners that bind to the N-terminus of 

galectin-3 can be isolated or produced recombinantly and used as binding moieties. Galectin-3 

binding partners or fragments thereof can be used as either capture or detection binding 

moieties, depending upon the particular constraints of the assay. Examples of galectin-3 

binding partners include, but are not limited to mycolic acids and lipopolysaccharides (Barboni 

30 et al. (2005) FEBS Letters 579:6749-6755). Additionally, circulating galectin-3 triggers an 

auto-immune response resulting in the generation of auto-antibodies against galectin-3 in serum 
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under both normal and pathological conditions (Jensen-Jarolim et al. (2001) J Clin Immunol. 

21(5):348-56; Lim et al., (2002) Biochem Biophys Res Commun. 295(1): 119-24; Mathews et 

al. (1995) J Clin Immunol. 15(6):329-37). These auto-antibodies appear to target against 

epitopes on the N-terminal domain of galectin-3 (Mathews et al., supra). 

5 Capture 

[0051] The important property of the capture binding moiety is that it provides a means 

of separation from the remainder of the test mixture. Accordingly, as is understood in the art, 

the capture binding moiety can be introduced to the assay in an already immobilized or 

insoluble form, that is, a form which enables separation of the complex from the remainder of 

10 the test solution. Alternatively, immobilization may be done by capture of an immune complex 

comprising galectin-3 subsequent to introduction of a soluble form of the capture binding 

moiety to the sample. Examples of immobilized capture binding moieties are binding moieties 

covalently or noncovalently attached to a solid phase such as a magnetic particle, a latex 

particle, a microtiter plate well, a membrane, a chip, a bead, a cuvette, an array, or other 

15 reaction vessel or holder. Examples of a soluble capture binding moiety is a binding moiety 

which has been chemically modified with a ligand, e.g., a hapten, biotin, or the like, and which 

acts as a hook to permit selective capture of complex including galectin-3. Methods of 

coupling the capture binding moiety to a solid phase are well known in the art. These methods 

can employ bifunctional linking agents, for example, or the solid phase can be derivatized with 

20 a reactive group, such as an epoxide or an imidizole, that will bind the molecule on contact. 

Biospecific capture reagents against different target proteins can be mixed in the same place, or 

they can be attached to solid phases in different physical or addressable locations. 

Labels 

[0052] According to the methods of the invention, the label used can be selected from 

25 any of those known conventionally in the art. Preferred labels are those that permit more 

precise quantitation. Examples of labels include but are not limited to a fluorescent moiety, an 

enzyme, an electrochemically active species, a radioactive isotope, a chemiluminescent 

molecule, a latex or gold particle, a detectable ligand (e.g., detectable by secondary binding of a 

labeled binding partner for the ligand), etc. In a preferred embodiment, the label is an enzyme 

30 or a fluorescent molecule. Methods for affixing the label to the binding moiety are well known 

in the art, and include covalent and non-covalent linkage. 
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[0053] In one embodiment, a binding moiety can be labeled with a fluorescent 

compound. When the fluorescently labeled binding moiety is exposed to light of the proper 

wavelength, its presence can then be detected by the fluorescence emitted. Among the most 

commonly used fluorescent labeling compounds are Cy3 and Cy5 (water-soluble fluorescent 

5 dyes of the cyanine dye family- "Cy" dyes), fluorescein isothiocyanate, rhodamine, 

phycoerytherin, phycocyanin, allophycocyanin, o-phthalaldehyde and fluorescamine. 

[0054] In another embodiment, the detection binding moiety is detectably labeled by 

linking the binding moiety to an enzyme. The enzyme, in turn, when exposed to its substrate, 

will react with the substrate in such a manner as to produce a chemical moiety which can be 

10 detected, for example, by spectrophotometric, fluorometric or visual means. Enzymes which 

can be used to detectably label the binding moieties of the present invention include, but are not 

limited to, malate dehydrogenase, staphylococcal nuclease, delta-V-steroid isomerase, yeast 

alcohol dehydrogenase, alpha-glycerophosphate dehydrogenase, triose phosphate isomerase, 

horseradish peroxidase, alkaline phosphatase, asparaginase, glucose oxidase, beta-

15 galactosidase, ribonuclease, urease, catalase, glucose-Vl-phosphate dehydrogenase, 

glucoamylase and acetylcholinesterase. 

[0055] Detection may also be accomplished using a radioactively labeled binding 

moiety. It is then possible to detect the binding moiety through the use of radioimmune assays. 

The radioactive isotope can be detected by such means as the use of a gamma counter or a 

20 scintillation counter or by audoradiography. Isotopes which are particularly useful for the 
3 131 35 14 125 purpose of the present invention are H, I, S, C, and preferably I. 

[0056] A binding moiety also can be detectably labeled by coupling it to a 

chemiluminescent compound. The presence of the chemiluminescent-binding moiety is then 

determined by detecting the presence of luminescence that arises during the course of a 

25 chemical reaction. Examples of particularly useful chemiluminescent labeling compounds are 

luminol, luciferin, isoluminol, theromatic acridinium ester, imidazole, acridinium salt and 

oxalate ester. 
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Alternate forms of galectin-3 

[0057] Galectin-3 may exist in a sample in a plurality of different forms characterized 

by detectably different masses. These forms can result from pre-translational modifications, 

post-translational modifications or both. Pre-translational modified forms include allelic 

5 variants, splice variants, and RNA-editing forms. Post-translationally modified forms include 

forms resulting from, among other things, proteolytic cleavage (e.g., fragments of a parent 

protein), complexation, glycosylation, phosphorylation, lipidation, oxidation, methylation, 

cystinylation, sulphonation and acetylation. Modified forms of galectin-3, as long as they 

retain the relevant N-terminal epitopes, may be detected according to the methods of the 

10 present invention. 

Diagnostic and Prognostic Uses 

[0058] The galectin-3 assay of the invention can be used to identify subjects at risk for 

developing or to identify subjects suffering from HF. In this method, patients or other subjects 

with an identified risk of developing HF may be monitored for changes in galectin-3 levels 

15 quantitated from a body fluid over time using an immunoassay of the invention. In certain 

embodiments, a subject with an identified risk to develop HF may monitor his or her galectin-3 

levels over time, for example, monthly, quarterly, bi-yearly, yearly, every 2 years, or every 5 

years. 

[0059] In another embodiment, galectin-3 may be used as a diagnostic marker to 

20 determine the presence, stage or severity of HF in a subject or to predict his or her prognosis by 

measuring the concentration of galectin-3 in a sample and comparing this result to data 

correlating galectin-3 concentration with severity or stage of HF disease of human subjects. 

Methods of diagnosis and/or predicting prognosis described herein may be combined with other 

methods for diagnosis and/or predicting prognosis commonly used in the art, such as 

25 echocardiograms with Doppler analysis, radionuclide ventriculography, magnetic resonance 

imaging (MRI), a complete blood count, urinalysis, serum electrolytes, glycohemoglobin and 

blood lipids, tests of renal and hepatic function, tests of thyroid function, a chest radiograph, a 

12-lead electrocardiogram, blood tests for biomarkers such as BNP, etc. 
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Other Uses 

[0060] The methods and kits of the present invention are also suitable for use in 

detecting other conditions characterized by an increased or decreased concentration of galectin-

3. The expression of this galectin-3 is up-regulated during inflammation (Flotte et al. (1983) 

5 Am. J. Pathol. 111:112.), cell proliferation (Agrwal, et al. (1999) J. Biol. Chem. 264:17236) 

and cell differentiation (Nangia-Makker et al. (1993). Cancer Res. 53:1) and through 

transactivation by viral proteins (Hsu, D. et al. (1996) Am. J. Pathol. 148:1661). Its expression 

is also affected by neoplastic transformation. For example, galectin-3 upregulation is found in 

certain types of lymphomas (Hsu, D. et al. (1996) Am. J. Pathol. 148:1661), and thyroid 

10 carcinoma (Fernadez, P. L. et al. (1997) J. Pathol. 181:80), while galectin-3 is down-regulated 

in other types of malignancies such as colon (Lotz, M. M. et al. (1993) Proc. Natl. Acad. Sci. 

USA 90:3466), breast (Castronovo, V., F. A. et al. (1996) J. Pathol. 179:43.), ovarian (Van den 

Briile, F. A. et al. (1994) Eur. J. Cancer 30A:1096) and uterine (Van den Briile, F. A .et al. 

(1996) Hum. Pathol. 27:1185) carcinomas. The expression of galectin-3 has a strong 

15 correlation with the grade and malignant potential of primary brain tumors (Bresalier, R. et al. 

(1997). Cancer 80:776). 

[0061] Galectin-3 plays a role in many other diseases, conditions and disorders, 

including autoimmune disorders and vascular complications in diabetes and hypertension. 

Galectin-3 has been detected in tissues affected by inflammatory diseases. For example, 

20 galectin-3 was detected in the tears of patients with inflammatory ocular diseases (Hrdlickova-

Cela et al. (2001), Br J Ophthalmol, 85:1336-40). Increased galectin-3 levels have also been 

noted in human atherosclerotic lesions (Ohshima et al. (2003), Arthritis Rheum, 48:2788-95; 

Nachtigal et al. (1998), Am J Pathol, 152:1199-208). 

Kits 

25 [0062] The invention also provides a kit for quantitating galectin-3 useful in detecting 

an increased risk of HF, diagnosing presence of HF, determining severity of HF, or predicting 

prognosis of a subject with HF. The kit may comprise one or more binding moieties for 

quantitating the level of galectin-3 in a bodily fluid. For example, a kit can comprise capture 

and detection binding moieties that specifically recognize epitopes on the N-terminus of 

30 galectin-3. The capture and detection binding moieties may comprise an antibody that is 

immunospecific for galectin-3. In one embodiment, the kit comprises two anti-galectin-3 
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monoclonal antibodies, e.g., M3/38, 9H3.2, or 87B5. Capture binding moieties present in a kit 

may be pre-attached to a solid surface, for example, but not limited to, a plastic or glass 

container or slide. A kit may further comprise containers for mixing the sample with the 

binding moieties. Such containers may be suitable for use with a detection apparatus capable 

5 of detecting the signal produced by the detection binding moiety. The kit may further comprise 

one or more reagents (e.g., a different antibody) for measuring the level of a second marker 

indicative of the same disease. 

[0063] A kit of the invention may additionally comprise one or more of the following: 

(1) instructions for using the kit for determining the level of galectin-3; (2) a labeled binding 

10 partner to any antibody present in the kit; (3) a solid phase (such as a reagent strip) upon which 

any such antibody is immobilized; and (4) a label or insert indicating regulatory approval for 

diagnostic, prognostic, or therapeutic use or any combination thereof. If a labeled binding 

partner to the antibody is not provided, the antibody itself can be labeled with a detectable 

marker, e.g., a chemiluminescent, enzymatic, fluorescent, or radioactive moiety. 

15 Examples 

[0064] The invention is further illustrated by the following examples. The examples 

are provided for illustrative purposes only, and are not to be construed as limiting the scope or 

content of the invention in any way. 

Example 1: Enzyme-linked, immunosorbent assay for quantitative detection of human 
20 galectin-3 

[0065] The human galectin-3 ELISA is an enzyme-linked immunosorbent assay for the 

quantitative detection of human galectin-3 in EDTA plasma. Human galectin-3 present in the 

sample or standard bound to antibodies adsorbed to the microwells. Following incubation 

25 unbound material was removed during a wash step. HRP conjugated to anti-human galectin-3 

antibody was added and bound to the galectin-3 captured by the coating antibody. Following 

incubation unbound HRP-conjugate was removed during a wash step, and substrate solution 

reactive with HRP was added to the wells. A colored product was formed in proportion to the 

amount of human galectin-3 present in the sample or standard. The reaction was terminated by 

30 addition of acid and absorbance was measured at 450 nm. A standard curve was prepared from 

7 human galectin-3 standard dilutions and human galectin-3 sample concentration determined. 
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Plasma was removed from the clot or cells as soon as possible after clotting and separation of 

the blood sample. Samples containing a visible precipitate were clarified prior to use in the 

assay. Grossly hemolyzed or lipemic specimens were not used. Samples were aliquoted and 

stored frozen at -20°C to avoid loss of bioactive human galectin-3. Prior to assay, frozen 

5 samples were brought to room temperature slowly and mixed gently. 

[0066] The following reagents were prepared for use in the assay. Wash Buffer (lx) 

was prepared by mixing 50 ml of Wash Buffer Concentrate (20x, PBS with 1% Tween 20) into 

a clean 1000 ml graduated cylinder. The final volume was brought to 1000 ml with deionized 

water and the solution was gently mixed. The pH of the final solution was adjusted to 7.4. 

10 Wash Buffer (lx) was transferred to a clean wash bottle. 

[0067] Assay Buffer was prepared by adding 5 ml of Assay Buffer Concentrate (20x, 

PBS with 1% Tween 20 and 10% BSA) into a clean 100 ml graduated cylinder. The final 

volume was brought to 100 ml with deionized water and the solution was gently mixed. 

[0068] A concentrated HRP-Conjugate solution was diluted 1:100 ratio in Assay Buffer 

15 (lx) in a clean plastic tube. Human galectin-3 standard was diluted to 60 ng/ml by addition of 

distilled water, and the mixture was gently swirled to ensure complete and homogeneous 

solubilization. The reconstituted standard was allowed to sit for 10 minutes prior to dilutions 

being made. 

[0069] To make an external standard dilution, 7 tubes were labeled (SI, S2, S3, S4, S5, 

20 S6, S7), one for each standard point. Serial dilutions were prepared at a ratio of 1:2 as follows: 

225 (a 1 of Sample Diluent was pipetted into each tube. 225 (a 1 of reconstituted standard 

(concentration = 60 ng/ml) was pipetted into the first tube, labeled SI, and mixed 

(concentration of standard 1 = 30 ng/ml). 225 (a 1 of this dilution was pipetted into the second 

tube, labeled S2, and mixed thoroughly before the next transfer. This serial dilution was 

25 repeated 5 more times to create the points of the standard curve. The Sample Diluent served as 

the blank. 

[0070] Lyophilized human galectin-3 was reconstituted in distilled water to the 

following volumes: High Control (180 JJ.1, 56 - 84 ng/ml), Medium Control (200 (a 1, 32 - 48 

ng/ml), and Low Control (130 (al, 3.4 - 5.8 ng/ml). Vials were swirled to ensure quantitative 

30 solubilization of contents. The reconstituted controls were allowed to sit for 10 minutes. 



WO 2010/096126 
24 

PCT/US2009/062616 

[0071] Each sample, standard, blank and optional control sample should be assayed in 

duplicate. Microwell strips were washed twice with approximately 400 (a 1 Wash Buffer per 

well with thorough aspiration of microwell contents between washes. The Wash Buffer was 

allowed to sit in the wells for about 10 - 15 seconds before aspiration. 

5 [0072] After the last wash step, the wells were emptied and the microwell strips were 

tapped on absorbent paper to remove excess Wash Buffer. The microwell strips were not 

allowed to dry. 

[0073] 100 (a 1 of the standards (SI - S7) were pipetted in the standard wells according 

to Table 1. 

10 Table 1 
Table depicting an example of the arrangement of blanks, standards and samples in the 
microwell strips: 

1 2 3 4 

A Standard 1 
(30.00 ng/ml) 

Standard 1 
(30.00 ng/ml) 

Sample 1 Sample 1 

B Standard 2 
(15.00 ng/ml) 

Standard 2 
(15.00 ng/ml) 

Sample 2 Sample 2 

C Standard 3 
(7.5 ng/ml) 

Standard 3 
(7.5 ng/ml) 

Sample 3 Sample 3 

D Standard 4 
(3.75 ng/ml) 

Standard 4 
(3.75 ng/ml) 

Sample 4 Sample 4 

E Standard 5 
(1.88 ng/ml) 

Standard 5 
(1.88 ng/ml) 

Sample 5 Sample 5 

F Standard 6 
(0.94 ng/ml) 

Standard 6 
(0.94 ng/ml) 

Sample 6 Sample 6 

G Standard 7 
(0.47 ng/ml) 

Standard 7 
(0.47 ng/ml) 

Sample 7 Sample 7 

H Blank Blank Sample 8 Sample 8 
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[0074] 100 (a 1 of Sample Diluent were added in duplicate to the blank wells. 80 (a 1 of 

Sample Diluent was added to the sample wells. 20 (a 1 of each sample was added in duplicate to 

the sample wells. Wells were covered with an adhesive film and incubated at room 

temperature (18 to 25°C) for 1 hour on a microplate shaker set at 200 rpm. The adhesive film 

5 was removed and the wells emptied. The microwell strips were washed 3 times as above. 

[0075] Next, 100 (a 1 of diluted HRP-Conjugate were added to all wells, including the 

blank wells. Wells were covered with an adhesive film and incubated at room temperature 

(18 to 25 °C) for 1 hour on a microplate shaker set at 200 rpm. The adhesive film was removed 

and the wells emptied. Microwell strips were washed 3 times as above. 

10 [0076] Then, 100 (a 1 of TMB Substrate Solution (tetramethyl-benzidine) were added to 

each well. Microwell strips were incubated at room temperature (18° to 25°C) for 30 min., and 

direct exposure to intense light was avoided. 

[0077] The enzyme reaction was stopped by quickly pipetting 100 (a 1 of Stop Solution 

(1M Phosphoric acid) into each well. The absorbance of each microwell was read on a spectro-

15 photometer using 450 nm as the primary wave length (optionally 620 nm as the reference wave 

length; 610 nm to 650 nm is acceptable). The plate reader was blanked according to the 

manufacturer's instructions by using the blank wells. The absorbance of both the samples and 

the standards was determined. The average absorbance values for each set of duplicate 

standards and samples were calculated. 

20 [0078] A standard curve was created by plotting the mean absorbance for each standard 

concentration on the ordinate against the human galectin-3 concentration on the abscissa. A 

best fit curve was drawn through the points of the graph. See Figure 2. 

[0079] The concentration of circulating human galectin-3 may be determined for each 

sample, by finding the mean absorbance value on the ordinate and extending a horizontal line 

25 to the standard curve. At the point of intersection, a vertical line was extended to the abscissa 

and the corresponding human galectin-3 concentration was read. 

[0080] Because the samples were diluted 1:5 (20 ja 1 sample + 80 ja 1 Sample Diluent), 

the concentration read from the standard curve was multiplied by the dilution factor (x 5). A 

representative standard curve is shown in Figure 2. 
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Table 2 

Typical data using the human galectin-3 ELISA 
Measuring wavelength: 450 nm 
Reference wavelength: 620 nm 

Standard 

Human Galectin-
3 Concentration 

(ng/ml) 
O.D. at 
450 nm 

Mean 
O.D. at 
450 nm 

C.V. 
(%) 

1 30.00 
30.00 

2.824 
2.733 

2.778 2.3 

2 15.00 
15.00 

1.812 
1.723 

1.767 3.5 

3 7.50 
7.50 

0.889 
0.892 

0.890 0.2 

4 3.75 
3.75 

0.431 
0.449 

0.440 2.9 

5 1.88 
1.88 

0.232 
0.214 

0.223 5.7 

6 0.94 
0.94 

0.123 
0.126 

0.124 1.6 

7 0.47 
0.47 

0.071 
0.072 

0.072 1.8 

Blank 

o
 
o

 

0.018 
0.018 

0.018 

Performance Characteristics 

Sensitivity 

[0081] The limit of detection (LoD) of human galectin-3 defined as the analyte 

10 concentration resulting in an absorbance significantly higher than that of the dilution medium 

(mean plus 3 standard deviations) was determined to be 0.09 ng/ml (mean of 12 independent 

assays). 

Reproducibility 

[0082] Intra-assay reproducibility (reproducibility within the assay) was evaluated in 4 

15 independent experiments. Each assay was carried out with 6 replicates of 8 plasma samples 

containing different concentrations of human galectin-3. Two standard curves were run on 

each plate. Data below show the mean human galectin-3 concentration and the coefficient of 
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variation for each sample (see Table 3). The calculated overall intra-assay coefficient of 

variation was 4.2%. 

Table 3 
The mean human galectin-3 concentration and the coefficient of variation for each sample 

Sample Experiment 

Mean Human 
Galectin-3 

Concentration (ng/ml) 

Coefficient of 
Variation 

(%) 

1 1 70.5 2.9 
2 66.2 5.5 
3 71.6 3.8 
4 71.8 3.1 

2 1 38.9 4.4 
2 42.7 2.0 
3 39.4 2.0 
4 38.9 3.7 

3 1 4.9 4.6 
2 4.9 7.6 
3 4.9 3.2 
4 4.4 3.0 

4 1 8.6 5.9 
2 9.1 3.5 
3 8.7 5.5 
4 8.2 7.7 

5 1 20.8 4.5 
2 21.6 3.4 
3 21.3 4.6 
4 22.5 2.7 

6 1 90.9 3.0 
2 90.9 6.4 
3 85.5 4.5 
4 84.2 5.8 

7 1 57.2 2.2 
2 58.0 3.0 
3 57.1 2.4 
4 54.8 4.7 

8 1 42.6 5.7 
2 44.4 4.0 
3 42.2 2.8 
4 46.6 5.8 
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[0083] Inter-assay reproducibility (assay to assay reproducibility within one laboratory) 

was evaluated in 4 independent experiments. Each assay was carried out with 6 replicates of 8 

plasma samples containing different concentrations of human galectin-3. Two standard curves 

were run on each plate. Data below show the mean human galectin-3 concentration and the 

5 coefficient of variation calculated on 24 determinations of each sample. The calculated overall 

inter-assay coefficient of variation was 4.0%. 

Table 4 
The mean human galectin-3 concentration and the coefficient of variation of each sample 

Mean Human Galectin-3 Coefficient of 
Concentration Variation 

Sample (ng/ml) (%) 

1 70.0 3.7 
2 40.0 4.6 
3 4.8 5.0 
4 8.7 4.2 
5 21.5 3.3 
6 87.9 4.0 
7 56.8 2.4 
8 44.0 4.6 

10 Spike Recovery 

[0084] The spike recovery was evaluated by spiking 3 levels of human galectin-3 into 3 

individual plasma samples. Recoveries were determined in 4 independent experiments with 2 

replicates each. The unspiked plasma samples were used as blank in these experiments. The 

overall mean recovery was 101% (see Table 5). 

15 Table 5 

spike recovery in % 
sample concentration plate 1 plate 2 plate 3 plate 4 
Spike 1 in #1 70 ng/ml 100 % 116% 108% 106% 
Spike 2 in #1 40 ng/ml 102% 109% 86% 106% 
Spike 3 in #1 8 ng/ml 97% 108% 96% 103% 

Spike 1 in #2 70 ng/ml 93% 92% 97% 107% 
Spike 2 in #2 40 ng/ml 104% 113% 98% 110% 
Spike 3 in #2 8 ng/ml 112% 96% 110% 89% 

Spike 1 in #3 70 ng/ml 99% 97% 98% 100% 
Spike 2 in #3 40 ng/ml 96% 108% 105% 104% 
Spike 3 in #3 8 ng/ml 112% 82% 93% 93% 
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Dilution Parallelism 

[0085] Four plasma samples with different levels of human galectin-3 were analyzed at 

serial 2 fold dilutions. Recoveries were determined in 4 independent experiments with 4 

replicates each. The overall mean recovery was 88.6% (see Table 6). 

Table 6 

Sample Dilution 

Expected 
Human 

Galectin-3 
Concentration 

(ng/ml) 

Observed 
Human 

Galectin-3 
Concentration 

(ng/ml) 

Recovery 
of Expected Human 

Galectin-3 
Concentration 

(%) 

1 1:5 — 23.9 -

1:10 11.9 11.2 94.1 

1:20 6.0 5.4 90.4 

1:40 3.0 <S7 -

2 1:5 — 62.8 -

1:10 31.4 27.9 88.9 

1:20 15.7 13.7 87.4 

1:40 7.8 7.0 89.5 

3 1:5 — 81.5 -

1:10 40.7 36.9 90.5 

1:20 20.4 18.3 90.0 

1:40 10.2 8.2 80.6 

4 1:5 — 40.4 -

1:10 20.2 18.8 93.1 

1:20 10.1 8.7 86.2 

1:40 5.1 4.3 86.0 

Sample Stability 

10 Freeze-Thaw Stability 

[0086] Aliquots of plasma samples were stored at -20°C and thawed 3 times, and the 

human galectin-3 levels determined. There was no significant loss of human galectin-3 

immunoreactivity detected by freezing and thawing. 
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Storage Stability 

[0087] Aliquots of plasma samples were stored at -20°C, 2-8°C, room temperature (RT) 

and at 37°C, and the human galectin-3 level determined after 24 h. There was no significant 

loss of human galectin-3 immunoreactivity detected during storage under the above conditions. 

Example 2A: A kit for detecting galectin-3 

[0088] Table 7 shows the components of an exemplary kit for the detection of galectin-

3. 

Table 7: Galectin-3 assay reagents 

Qty Name Description Abbreviation 
1 plate Plate Ready-to-use microtiter plate coated with 

anti-galectin-3 monoclonal antibody (M3/38) 
(P) 

1 bottle Assay 
Diluent* 

Phosphate buffered saline with 1% bovine 
serum albumin (45 mL) 

(AD) 

1 bottle TMB substrate Tetramethyl benzidine (15 mL) (TS) 

1 bottle Stop solution 0.5 M sulfuric acid (10 mL) (ST) 

2 bottles Wash buffer 
concentrate* 

0.5 M Tris buffered saline (2 x 50 mL; 10X 
concentrate) 

(WC) 

1 bottle Detection 
concentrate* 

Horseradish peroxidase (HRP) labeled 
mouse anti-human galectin-3 antibody 87B5 
(0.4 mL) 

(DC) 

2 vials Standard Recombinant human galectin-3, 12 ng per 
vial (lyophilized) 

(SI) 

2 vials Low Quality 
Control (QC) f 

Low QC material, Recombinant human 
galectin-3 in protein matrix (lyophilized) 

(CI) 

2 vials High Quality 
Control (QC) f 

High QC material, Recombinant human 
galectin-3 in protein matrix (lyophilized) 

(C2) 

2 Plate seals Adhesive plastic plate seals 

10 f Contains processed human plasma tested negative or nonreactive for anti-HIV-1/2, anti-HCV and HBsAg when 
tested by an FDA approved method. 

15 

[0089] One anti-galectin-3 antibody, M3/38, was coated onto the surface of the wells in 

a microtiter plate and served as the capture antibody to bind galectin-3 molecules in samples, 

while the other anti-galectin-3 antibody, a horseradish peroxidase (HRP)-labeled anti-galectin-3 
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antibody (87B5) was provided in solution and functions as the detection antibody for detecting 

galectin-3 molecules bound to the capture antibody. While M3/38 and 87B5 were used in this 

example, use of these specific antibodies is not required with the kits and methods of the 

present invention. 

5 [0090] Galectin-3 controls (CI and C2) were comprised of a protein matrix spiked with 

recombinant human galectin-3. 

Example 2B: Detection of recombinant galectin-3 controls 

[0091] The kit of Example 2A was used in a microtiter plate-based ELISA assay to 

quantitate galectin-3 levels. Included in the kit were two monoclonal antibodies against 

10 galectin-3. In the assay, described in greater detail in the following paragraph, standards and 

quality control materials were introduced into the wells and incubated for 60 minutes. During 

this incubation, the galectin-3 present in the standards was bound to the capture antibody 

coated onto the well surface. A subsequent wash step removed all unbound material introduced 

with the sample including unbound galectin-3. The detection antibody was then introduced 

15 into the well and incubated for 60 minutes. During this time, an antibody-antigen-antibody 

complex was formed. After a wash step to remove any unbound detection antibody, the 

Tetramethyl benzidine (TMB) substrate was added, yielding a blue color in the presence of 

HRP. The color development was stopped after 20 minutes by the addition of sulfuric acid, 

changing the color to yellow that was read at an absorbance of 450 nm. The test results of the 

20 specimens were read from the calibration curve. The absorbance was proportional to the 

galectin-3 levels in the specimens. 

[0092] Prior to use, all assay components were brought room temperature for 30 

minutes. After opening the pouch containing the plates, the top surface of each strip was 

numbered with permanent ink in case they were unintentionally released from the plate frame. 

25 Using deionized water, a 1:10 dilution of lOx wash concentrate (WC) was prepared. Diluted 

buffer was stored at 2-8°C. 

[0093] The set of seven galectin-3 standards was prepared by serial dilution of the 

standard (SI, recombinant human galectin-3, 12 ng per vial). The calibration range was 0.156 

ng/mL to 10.0 ng/mL. 
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[0094] Before use, one vial of the galectin-3 standard (SI) was reconstituted with 300 

|jL of deionized water followed by addition of 900 |JL of Assay Diluent. The vial was allowed 

to stand 15-20 minutes at room temperature with periodic vortexing and gentle inversion 

ensuring that the reconstitution water wets the entire surface area inside the vial. Complete 

5 dissolution of the standard was obtained prior to use. 

[0095] One vial of each of the galectin-3 controls (CI and C2) was reconstituted with 

250 |JL deionized water. Vials were allowed to stand 15-20 minutes at room temperature with 

periodic vortexing and gentle inversion ensuring that the reconstitution water wets the entire 

surface area inside the vial. Complete dissolution of CI and C2 was obtained prior to use. 

10 [0096] Each reconstituted control (CI and C2) was diluted 10-fold (1:10) using the 

Assay Diluent (AD) in a disposable borosilicate glass or polypropylene or other low protein-

binding plastic test tube or vial. Each dilution was mixed by vortexing or inversion. A 

minimum of 25 |JL of the reconstituted control was used for the dilution. Dilutions were 

performed externally (i.e. no in-well dilutions) and immediately before use. 

15 [0097] Standards were diluted immediately before use. Six disposable tubes were 

labeled with numbers 2 to 7. 250|JL assay diluent (AD) were pipetted into each labeled tube. 

Next, 250 |JL galectin-3 standard (SI) were pipetted to tube 2 and mixed gently. Then, 250 |JL 

were transferred from tube 2 to tube 3 and vortexed gently. Next, 250 |JL were transferred 

from tube 3 to 4, and the process was continued through tube 7. 

20 [0098] Microtiter plate wells were designated for each of the controls, diluted standards 

and blank. All samples were tested in duplicate (i.e. blank, diluted standards, and controls). 

[0099] 100 (a 1 of each sample were transferred directly from the dilution vessels into 

duplicate wells of the microtiter plate covered with galectin-3 capture antibody. The wells 

were covered with a clean plate seal and incubated for 1 hour at 20-25°C without shaking. 

25 [0100] While the plate was incubating, the labeling antibody was diluted 1:30 with the 

Assay Diluent according to the dilution scheme shown in Table 8 below: 
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Table 8: Recommended Dilution Scheme for Detection Concentrate (30x)* 

No of Strips AD ill. IX' nl. No of Strips AD ).il. DC nl. 
1 1537 53 7 6235 215 
2 2320 80 8 7018 242 
3 3103 107 9 7801 269 
4 3886 134 10 8584 296 
5 4669 161 11 9367 323 
6 5452 188 12 10150 350 

*AD = Assay Diluent; DC = Detection Concentrate. 

[0101] Next, the plate seal was removed and the wells were washed with 400 |JL 

diluted wash buffer per well, using a mechanical washer programmed to run 4 wash cycles, 

5 with 15 seconds soak time per cycle. After the fourth wash, wells were emptied by tapping 

them on an absorbent paper towel. 

[0102] Next, 100 |JL of diluted detection solution were pipetted to each well. Wells 

were covered with a clean plate seal and incubated 1 hour at 20-25°C without shaking. The 

plate seal was removed and the wells were washed with 400 |JL diluted wash buffer per well, 

10 using a mechanical washer programmed to run 4 wash cycles, with 15 seconds soak time per 

cycle. After the fourth wash, wells were emptied by tapping them on an absorbent paper towel. 

[0103] 100 |JL of TMB-substrate (TS) were pipetted to each well and the plate 

incubated for 20 minutes at 20-25°C in the dark. 

[0104] 50 |JL of stop solution (ST) were pipetted to each well. The contents of each 

15 well were mixed by drawing the contents up and down using a clean pipette tip, or by gently 

tapping the side of the plate. The contents of the well turned from blue to yellow. Any bubbles 

were removed from the liquid surface of each well, and any dirt or liquid was removed from the 

well exterior. 

[0105] The absorbance of each well was measured in a microtiter plate reader at 450 

20 nm within 30 minutes of the stop solution addition. 

[0106] After completing the assay steps, the absorbance of each standard and control 

was read at 450 nm using the microplate reader. A standard curve for the assay was determined 

using the following procedure. The average absorbance of the blank was subtracted from all 
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data, including standards and controls. The average, standard deviation, and coefficient of 

variation (CV) of the absorbance (Abs450) value were calculated for each set of duplicate 

standards and controls. If either of the controls had a duplicate CV greater than 20%, the entire 

plate was rejected and all specimens were re-analyzed using new reagents. Appropriate curve-

5 fitting tools for third order polynomial curve fitting with least squares optimization of the 

means were used from each standard dilution. The measured concentration was multiplied by 

10 (dilution factor of specimens and controls) to obtain the final galectin-3 concentration. 

Control values were verified to be within acceptable ranges. The blank value was verified to be 

lower than the lowest calibrator. If the blank value exceeded the lowest calibrator value (e.g. 

10 the low calibrator value is negative when the blank is subtracted), the assay was repeated. 

[0107] A representative calibration curve is shown in Figure 3 and representative values 

for the absorbance of each diluted standard are shown in Table 9. 

Table 9: A Representative Calibration Curve and Typical Absorbance Values at 450 nm 

Dilution 

1 

Cialeclin-3 ('oiKvniralion 
(ng/ml.) 

10.0 2.690 
2 5.0 1.326 
3 2.5 0.595 
4 1.25 0.269 
5 0.625 0.131 
6 0.313 0.082 
7 0.156 0.054 

Blank o 0.033 

Example 2C: Detection of recombinant galectin-3 in clinical samples 

15 [0108] The methods outlined in Example 2B were performed with the addition of 

clinical samples, incorporating the additional steps outlined below. 

[0109] While Standard and Controls were reconstituting, each test specimen was 

diluted 10-fold (1:10) using the Assay Diluent (AD) in a disposable borosilicate glass or 

polypropylene or other low protein-binding plastic test tube or vial. Each dilution was mixed 

20 by vortexing or inversion, with a minimum of 25 |JL of serum or plasma being used for the 
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dilution. Dilutions were performed externally (i.e. no in-well dilutions) and immediately 

before use. 

[0110] After completing the assay steps, the absorbance of each specimen was read at 

450 nm using the microplate reader. The absorbance was proportional to the concentration of 

5 galectin-3 in the specimens. Galectin-3 concentrations in the specimens and controls were 

based on the relationship of the absorbance of the specimens compared to that of the standards, 

which have a known concentration of galectin-3. 

[0111] The standard curve for the assay was assigned for each individual plate using the 

following procedure. The average absorbance of the blank was subtracted from all data, 

10 including standards, controls and test specimens. The average, standard deviation, and 

coefficient of variation (CV) of the absorbance (Abs450) value were calculated for each set of 

duplicate standards, controls and test specimens. Specimens with duplicate CVs greater than 

20% were re-analyzed. If either of the controls had a duplicate CV greater than 20%, the entire 

plate was rejected and all specimens were re-analyzed using new reagants. Appropriate curve-

15 fitting tools for third order polynomial curve fitting with least squares optimization of the 

means were used from each standard dilution. Concentrations of unknown specimens and 

controls were calculated based upon the third order polynomial equation. The measured 

concentration was multiplied by 10 (dilution factor of specimens and controls) to obtain the 

final galectin-3 concentration. Control values were verified to be within acceptable ranges. 

20 When an unacceptable result from assay controls was obtained, the assay was repeated. The 

blank value was verified to be lower than the lowest calibrator. If the blank value exceeded the 

lowest calibrator value (e.g. the low calibrator value is negative when the blank is subtracted), 

the assay was repeated. 

Measuring Range of the Assay 

25 [0112] The measuring range of the galectin-3 assay with clinical specimens was 

demonstrated to be from 1.32 to 96.6 ng/mL. The assay was calibrated with seven standards 

spanning the range of approximately 0.1 to 10.0 ng/mL. Each test sample (i.e. control or 

subject specimen) was pre-diluted 1:10 prior to assay allowing the measurement to occur 

within the range bracketed by the calibrators. The linearity of the assay was established 

30 according to the recommendations of the Clinical Laboratory Standards Institute Evaluation 

Protocol 6 (CLSI-EP6). Serum and plasma specimens were prepared and diluted to span a 
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clinically-meaningful measurement range of galectin-3 concentrations. The assay was 

demonstrated to be linear up to 96.6 ng/mL. The lower end of the measuring range is defined 

by the limit of quantitation (LoQ), which was determined to be 1.32 ng/mL. 

Performance Characteristics 

10 

Precision 

[0113] Precision of the galectin-3 assay was assessed in an evaluation according to the 

CLSI EP5-A2 Guidelines. Three plasma pools spanning a range of galectin-3 concentrations 

were analyzed in duplicate with two runs per day over twenty days. Estimates of within-run, 

run-to-run, day-to-day and total precision were calculated and deemed to be acceptable. 

Results are summarized in Table 10. 

Table 10: Precision of the Galectin-3 assay 

Tosl ('i)kTlin-3 \\ hhin run Run lo run l)a\ lo da\ 

Spedmen (ng/mL) SD CV<*SD C\'r SI) 

10.5 : 0.0 

Total 

C\rt si) c\'r 
o.o ().: i2.o Low 6.1 0.3 i 5.7 0.6 

Mid 20.7 0.7 3.4 1.4 6.7 0.3 1.7 1.6 7.7 
High 72.2 2.4 3.3 4.3 6.0 2.9 4.0 5.7 8.0 

[0114] Precision was also evaluated at three CLIA-certified clinical laboratories 

according the CLSI EP5-A2 guidelines. Total coefficients of variation (CVs) ranged from 

15 5.60% to 16.89 % across the three CLIA-certified clinical laboratory sites with all sites 

providing acceptable results. 

Analytical Sensitivity 

[0115] The analytical sensitivity of the galectin-3 assay was established according to 

the recommendation of the CLSI EP17-A Guidelines. 

20 Limit of Blank (LoB): LoB = 0.86 ng/mL 

Limit of Detection (LoD): LoD = 1.13 ng/mL 

Limit of Quantitation (LoQ): LoQ = 1.32 ng/mL 
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Analytical Specificity 

[0116] The galectin-3 assay displayed no significant cross-reactivity when tested in the 

presence of the following compounds: galectin-1, galectin-2, galectin-4, galectin-7, galectin-8, 

galectin-9, galectin-12, collagen I and collagen III, all at a concentration of 500 ng/mL. The 

5 mean % cross-reactivity of the above potential cross-reactants is at or below 0.3%. 

Linearity 

[0117] Linearity over the measuring range was assessed according to the 

recommendations of the CLSI-EP6. Samples were prepared by spiking galectin-3 into serum 

and plasma specimens followed by analysis with the galectin-3 assay. Results show the assay 

10 is linear from 1.24 to 96.6 ng/mL. The lower end of the measuring range is defined by the 

limit of quantitation (LoQ), which was determined to be 1.32 ng/mL in a separate study. 

[0118] In summary, the measuring range of the galectin-3 assay is from 1.32 ng/ml to 

96.6 ng/mL. 

Interfering Substances 

15 [0119] The galectin-3 assay was evaluated for the effects of potential interfering 

substances, both endogenous and exogenous, according to the recommendations of the CLSI 

EP7-A. Conjugated bilirubin (up to 5 mg/dL), unconjugated bilirubin (up to 15 mg/dL), 

albumin (BSA, up to 12 g/dL), triglycerides (up to 3000 mg/dL), cholesterol (up to 250 mg/dL) 

and creatinine (up to 5 mg/dL) do not show any interference in the assay. Purified hemoglobin 

20 (up to 500 mg/dL) did not show interference in the galectin-3 assay; however, packed blood 

cell lysate does show interference. Human anti-mouse antibodies (HAMA) and rheumatoid 

factor (RF) cause significant positive interference with the galectin-3 assay. 

[0120] The galectin-3 assay was not significantly affected when tested in the presence 

of 34 common pharmaceutical substances; including HF drugs (refer to Table 11). 



WO 2010/096126 PCT/US2009/062616 
38 

Table 11: Common Drugs That Did Not Show Interference with the Galectin-3 assay 

Acetaminophen Carvedilol Dopamine Lisinopril Quinidine 
Acetylsalicylic acid Captopril Enalaprilat Losartan Ramipril 
Amlodipine Chloramphenicol Furosemide Lovastatin Spironolactone 
Ampicillin Diclofenac Hydrochlorothiazide Methyldopa Theophylline 
Ascorbic Acid Digoxin Ibuprofen Metoprolol Verapamil 
Atenolol Diltiazem Indomethacin Naproxen Warfarin 
Caffeine Disopyramide Lidocaine Nifedipine 

High Dose Hook Effect 

[0121] There is no high dose hook effect at galectin-3 levels up to 500 ng/mL. 

5 Spike Recovery 

[0122] In a study where human galectin-3 was spiked into 6 subject matched serum and 

EDTA-plasma samples as well as Assay Diluent at 5 different spiking levels: 15ng/mL; 25 

ng/mL, 50 ng/mL, 75 ng/mL and 90 ng/mL, the mean percent recovery in serum ranged from 

79.7% to 84.6% with grand mean percent recovery of 81.7% and the mean percent recovery in 

10 EDTA-plasma ranged from 71.4% to 81.4% with grand mean percent recovery of 78.1%. This 

study demonstrated a difference in recovery of spiked amounts of galectin-3 in serum/plasma 

matrices compared to the Assay Diluent matrix. Although this effect will likely be observed in 

similar spike recovery experiments, it does not have an impact on clinical measurements. 

Example 2D: Detection of galectin-3 in clinical samples from subjects without known heart 

15 disease 

[0123] In a prospective, observational study, galectin-3 levels were determined by 

analysis of 1,092 banked plasma samples from subjects without known heart disease but that 

otherwise resemble, by age and gender distribution, the HF patient population. Specimens 

were from women between the ages of 60 and 80 years (n=572) and men between the ages of 

20 55 and 80 (n=520). This reference population comprised individuals of different ethnic 

background, as follows: Black (n=305, 27.9%), Caucasian (n=686, 62.8%), Hispanic (n=42, 

3.8%), Asian or Pacific Islander (n=30, 2.7%), and not specified (n=29, 2.7%). Blood plasma 

samples were collected from study participant into tubes containing EDTA. The blood was 

processed and blood plasma was subsequently frozen at -20°C or colder. 
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[0124] All subjects had detectable galectin-3 levels using the galectin-3 assay described 

in Example 2C. A non-parametric method using the distribution of galectin-3 reference range 

values (refer to Table 12) established a single threshold of 17.6 ng/mL for galectin-3 based 

upon an upper limit of normal (ULN) value. ULN is defined as the 90th percentile of the 

5 distribution of galectin-3 values, independent of gender or age. 

Table 12: Distribution of Galectin-3 Levels 

lYm-utile 
(iakrliu-.^ (OIKTIII ration nig/ml.) 

lYm-utile 
All SuhjiTls 

III=I0')2I Males m=520) 1 email's 
(n=572 ( 

> 65 \ rs 
tn=7201 

\nc ^ 65 \ rs 
t ii=372*i 

5th 6.2 5.8 6.4 6.3 5.9 

25"' 9.5 8.8 10.5 9.9 9.0 
50'" 12.0 11.1 12.7 12.4 11.1 
75"' 14.7 13.8 15.5 15.1 14.1 

90'h 17.6 16.3 18.7 18.0 16.6 
«)5,h 20.3 18.3 21.1 20.5 19.2 

Example 2E: Detection of galectin-3 in clinical samples from subjects with acute 

decompensated HF 

10 [0125] To assess the utility of the galectin-3 assay described in Example 2C in subjects 

diagnosed with acute decompensated HF, galectin-3 levels were measured in 181 banked 

EDTA-plasma samples from the Acute Decompensated Heart Failure (ADHF) study. The 

ADHF study was a prospective observational study conducted in the United States that enrolled 

subjects who presented with dyspnea in the emergency department (4). Blood plasma galectin-

15 3 concentration was measured in baseline samples for 181 subjects diagnosed with acute 

decompensated HF. Subjects were followed-up for four years. The galectin-3 threshold value 

of 17.6 ng/mL, derived from the reference range population (described in Example 2D), was 

used to define a category of subjects with elevated baseline galectin-3 (n=68). Patients had a 

hazard of death approximately 3-fold higher in the highest quartile of galectin-3 levels 

20 compared to the lowest quartile. Cox regression survival analysis and Kaplan-Meier analysis 

demonstrated that elevated baseline galectin-3 is a significant predictor of risk of mortality, 

even after adjustment for age, gender, New York Heart Association (NYHA) class, left 

ventricular ejection fraction, smoking status, and diabetes status (see Figure 4). 
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Table 13: Hazard Ratios of Mortality for HF Subjects in ADHF Study 

Cialectin-3 lla/ard Ratio t95f( CI. p value) 
less than or equal to 

17.6 ng/mL 
greater than 17.6 ng/mL 

Number of subjects 113 68 

Model 1 (univariate) 1.0 
1.90 

(1.29-2.80, p=0.001) 
Model 2 (adjusted for age and 
«ender) 1.0 

1.59 
(1.02-2.37, p=0.022) 

Number of deaths at 48 mouths 54/113 (47.8%) 48/68 (70.6%) 

Example 2F: Detection of galectin-3 in clinical samples from subjects chronic heart failure 

(Chronic HF Study I) 

[0126] The Chronic HF Study I involved NYHA class II to IV diagnosed on the basis 

5 of a combination of typical signs and symptoms for which hospitalization was considered 

necessary, including the need for intravenously administered medication. Subjects were 

enrolled upon discharge from the hospital at which time they had to be stable with standard 

medication. Galectin-3 concentration was measured by using the galectin assay on the 

available baseline samples for 592 subjects. The galectin-3 threshold value of 17.6 ng/mL, 

10 derived from the reference range population (described in Example 2D), was used to define a 

category of subjects with elevated baseline galectin-3 (n=363). The hazard of death at any time 

after discharge from the hospital was approximately 3-fold higher for patients in the highest 

quartile of galectin-3 levels compared to the lowest quartile. Cox regression survival analysis 

and Kaplan-Meier analysis demonstrated that elevated baseline galectin-3 is a significant 

15 predictor of risk of mortality, even after adjustment for age, gender, New York Heart 

Association (NYHA) class, left ventricular ejection fraction, smoking status, and diabetes status 

(see Figure 5). 

Table 14: Hazard Ratios of Mortality for HF Subjects in Chronic HF Study I 

Cialectin-3 lla/ard Ratio (95'f CI. p value) 
less lhan or equal lo 

17.6 ng/mL greater lhan 17.6 ng/mL 

Number of subjects 229 363 

Model 1 (univariate) 1.0 2.07 
(1.45-2.93, p<0.001) 

Model 2 (adjusted for aj»e and gender) 1.0 1.95 
(1.36-2.79. p<0.001) 

Number of deaths at 15 months (for 
subjects with follow-up > 15 months) 34/222 (15.3%) 116/353 (32.9%) 
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Example 2G: Detection of galectin-3 in clinical samples from subjects chronic heart failure 

(Chronic HF Study II) 

[0127] The Chronic HF Study II enrolled patients with chronic NYHA class III or IV 

HF. A diagnosis of HF was established by typical clinical signs and symptoms of HF in 

5 conjunction with echocardiographic or radionuclide ventriculographic findings of a reduced left 

ventricular systolic function or left ventricular ejection fraction (LVEF), or of a diastolic 

dysfunction with preserved left ventricular systolic function. Patients were stable with standard 

medication at the time of enrollment. 

[0128] Galectin-3 concentration was measured using the galectin assay on baseline 

10 samples for 232 subjects. The galectin-3 threshold value of 17.6 ng/mL, derived from the 

reference range population (described in Example 2D), was used to define a category of 

subjects with elevated baseline galectin-3 (n=l 18). patients in the highest quartile of galectin-3 

levels compared to the lowest quartile showed an approximately 2-fold higher hazard of death 

over a 3-6 year follow-up period. Cox regression survival analysis and Kaplan-Meier analysis 

15 demonstrated that elevated baseline galectin-3 is a significant predictor of risk of mortality, 

even after adjustment for age, gender, New York Heart Association (NYHA) class, left 

ventricular ejection fraction, smoking status, and diabetes status (see Figure 6). 

Table 15: Hazard Ratios of Mortality for HF Subjects in Chronic HF Study II 

(iiilectin-3 Hazard Ratio (95 ("I. p \alue) 
less than or equal to 

17.6 ng/mL 
greater than 17.6 

ng/mL 
Number of subjects 114 118 

Model 1 (univariate) 1.0 1.57 
(1.05-2.35, p=0.029) 

Model 2 (adjusted lor age and 
gender) 1.0 1.52 

(1.01-2.27, p=0.044) 
Number of deaths al 40 months 29/114(25.4%) 45/118 (38.1%) 
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INCORPORATION BY REFERENCE 

[0129] The entire disclosure of each of the patent documents and scientific articles 

referred to herein is incorporated by reference for all purposes. 

EQUIVALENTS 

[0130] The invention may be embodied in other specific forms without departing from 

the spirit or essential characteristics thereof. The foregoing embodiments are therefore to be 

considered in all respects illustrative rather than limiting on the invention described herein. 

Scope of the invention is thus indicated by the appended claims rather than by the foregoing 

description, and all changes that come within the meaning and range of equivalency of the 

claims are intended to be embraced therein. 

[0131] What is claimed is: 
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CLAIMS 

1. A kit for detecting the concentration of galectin-3 in a sample, the kit comprising 

first and second binding moieties, one being labeled with a detectable label, each 

binding respectively to spaced-apart epitopes on the N-terminal portion of galectin-3, which 

comprises the sequence of amino acids: 

MADNFSLHDA LSGSGNPNPQ GWPGAWGNQP AGAGGYPGAS YPGAYPGQAP 

PGAYPGQAPP GAYPGAPGAY PGAPAPGVYP GPPSGPGAYP SSGQPSATGA 

YPATGPYGAP AGP (SEQ ID NO:1). 

2. The kit of claim 1 wherein the detectable label is an enzyme or a fluorophore. 

3. The kit of claim 1 or 2 wherein the binding moieties respectively bind to an epitope 

defined by at least a portion of a galectin-3 amino acid sequence selected from the group 

consisting of: 

MADNFSLHDALS (amino acids 1-12 of SEQ ID NO:l), 

MADNFSLHDALSGS (amino acids 1-14 of SEQ ID NO:l), 

GNPNPQGWPGA (amino acids 15-25 of SEQ ID NO:l), 

WGNQPAGAGG (amino acids 26-35 of SEQ ID NO:l), 

YPGQAPPGAYPGQAPPGA (amino acids 45-62 of SEQ ID NO:l), 

YPGAPGAYPGAPAPGV (amino acids 63-78 of SEQ ID NO:l), 

YPGAPAPGVYPGPPSGPGA (amino acids 70-88 of SEQ ID NO:l), and 

YPSSGQPSATGA (amino acids 89-100 of SEQ ID NO:l) 

4. The kit of any one of claims 1-3 wherein the binding moieties are monoclonal 

antibodies. 

5. The kit of claim 4 wherein the monoclonal antibodies are selected from the group 

consisting of 9H3.2, 87B5, and M3/38. 

6. The kit of claim 4 or 5, wherein the antibody binds to an epitope comprising 

MADNFSLHDALSGS (amino acids 1-14 of SEQ ID NO:l), GNPNPQGWPGA (amino acids 15-

25 of SEQ ID NO:l), or YPGAPAPGVYPGPPSGPGA (amino acids 70-88 of SEQ ID NO:l). 
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1 7. The kit of any one of claims 4-6, wherein the monoclonal antibody is a mouse antibody. 

1 8. A method for detecting the level of human galectin-3 in a sample from a subject, the 

2 method comprising: 

3 subjecting the sample to a double binding moiety sandwich assay, at least one of the 

4 binding moieties being labeled with a detectable label, each of the binding moieties being 

5 specific for respective, non-overlapping epitopes on the N-terminal portion of galectin-3, which 

6 comprises the sequence of amino acids: 

7 MADNFSLHDA LSGSGNPNPQ GWPGAWGNQP AGAGGYPGAS YPGAYPGQAP 

8 PGAYPGQAPP GAYPGAPGAY PGAPAPGVYP GPPSGPGAYP SSGQPSATGA 

9 YPATGPYGAP AGP (SEQ ID NO:1). 

1 9. The method of claim 8, wherein the sandwich assay provides a qualitative result 

2 indicative of the presence or absence of a galectin-3 concentration above a threshold. 

1 10. The method of claim 9, wherein the threshold galectin-3 concentration in the sample 

2 from the subject is in the range of 15-20 ng/ml. 

1 11. The method of claim 9, wherein the threshold galectin-3 concentration in the sample 

2 from the subject is in the range of 20-25 ng/ml. 

1 12. The method of claim 9, wherein the threshold galectin-3 concentration in the sample 

2 from the subject is in the range of 25-30 ng/ml. 

1 13. The method of claim 9, wherein the threshold galectin-3 concentration in the sample 

2 from the subject is in the range of 30-35 ng/ml. 

1 14. The method of claim 8, wherein the sandwich assay provides a quantitative result 

2 indicative of the galectin-3 concentration. 

1 15. The method of any one of claims 8-14 comprising the additional step of comparing the 

2 result of the sandwich assay to data correlating the concentration of galectin-3 in the sample 

3 with data relating the result with risk of the subject developing symptoms of heart failure (HF) 

4 or with severity of diagnosed HF disease of the subject. 
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1 16. The method of any one of claims 8-15, further comprising repeating over time to obtain 

2 a trend. 

1 17. A method for detecting a risk of development or progression of heart failure in a 

2 subject, the method comprising determining whether the galectin-3 concentration in a sample 

3 from the subject exceeds a threshold of at least 15 ng/ml. 

1 18. The method of claim 17, wherein the threshold is in the range of 15-20 ng/ml. 

1 19. The method of claim 17, wherein the threshold is in the range of 20-25 ng/ml. 

1 20. The method of claim 17, wherein the threshold is in the range of 25-30 ng/ml. 

1 21. The method of claim 17, wherein the threshold is in the range of 30-35 ng/ml. 


