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METHOD FOR KIDNEY DISEASE DETECTION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a division of U.S. patent appli-
cation Ser. No. 10/391,202 filed on Mar. 19, 2003, which is
a continuation-in-part of U.S. patent application Ser. No.
09/892,797 filed on Jun. 28, 2001, which is a continuation-
in-part of U.S. patent application Ser. No. 09/415,217 filed
on Oct. 12, 1999, which claims priority to Australian Patent
Application Serial No. PP7843 filed on Dec. 21, 1998, the
entire disclosures of which are incorporated herein by ref-
erence.

FIELD OF THE INVENTION

[0002] The invention relates to improved methods of
detecting and treating an early stage of renal disease and/or
renal complications of a disease, particularly diabetes.

BACKGROUND OF THE INVENTION

[0003] The appearance of excess protein such as albumin
in the urine is indicative of kidney disease. Diabetic neph-
ropathy is such a disease.

[0004] The applicant has found that proteins, including
albumin, are normally excreted as a mixture of native
protein and fragments that are specifically produced during
renal passage Osicka T. M. et al., Nephrology, 2:199-212
(1996)). Proteins are heavily degraded during renal passage
by post-glomerular (basement membrane) cells that may
include tubular cells. Lysosomes in renal tubular cells may
be responsible for the breakdown of proteins excreted during
renal passage. FIG. 1 illustrates the progress of filtered
intact albumin into tubular cells and breakdown of albumin
to provide excreted albumin fragments. The breakdown
products are excreted into the tubular lumen. In normal
individuals, most of the albumin in the urine is fragmented.

[0005] When lysosome activity or intracellular processes
directing substrates to lysosomes is reduced, more of the
high molecular weight, and substantially full length albumin
appears in the urine. This reflects an imbalance in the
cellular processes in the kidney tissue.

[0006] The applicant has discovered that when proteins,
such as a, acid glycoprotein (orosomucoid), alpha-1-acid
antitrypsin, o, glycoprotein, a lipoprotein, alpha-1-beta-2-
glycoprotein, beta-2-microglobin, ceruloplasmin, euglobu-
lin, fibrinogen, globulin (a-globulin  (al-globulin,
a2-globulin, f-globulin, y-globulin), glucose oxidase,
growth hormone, haptoglobin, horseradish peroxidase, insu-
lin, lactate dehydrogenase, lysozyme, myoglobin, protein
hormone, pseudoglobulin I and II, and parathyroid hormone,
prealbumin, retinol binding protein, and tamm horsfall gly-
coprotein, and major plasma proteins such as albumin and
immunoglobulins A, E, G and M, are filtered by the kidney,
they are subsequently degraded by cells in the kidney prior
to the material being excreted (see, PCT published applica-
tion WO 00/37944). 1t is likely that tubular cells take up
filtered proteins. Tubular cells lie beyond the kidney filter
and come in direct contact with the primary filtrate. When
the tubular cells internalize proteins, they are directed
towards the lysosomes, where they are partially degraded to
various size fragments, and then regurgitated to outside the
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cell. These regurgitated fragments, of which there may be at
least 60 different fragments generated from any one particu-
lar type of protein, are then excreted into the urine.

[0007] The applicant has discovered that in renal disease
fragmentation of proteins is inhibited. This means that
substantially full-length filtered proteins are excreted in a
person suffering from renal disease. This transition from
fragmentation to inhibition of fragmentation of excreted
proteins is a basis for the development of new drugs and
diagnostic assays. For example, initial changes that occur
with the onset of renal complications in diabetes are asso-
ciated with a change in the fragmentation profile of excreted
albumin. This leads to an apparent microalbuminuria that is
synonymous with the development of diabetic nephropathy.
It is likely that this is due to an inhibition in the lysosomal
activity of tubular cells in diabetes. Thus, drugs can be
formulated to turn on lysosomal activity in diabetes where
renal complications are occurring. The drugs may also be
useful in other renal diseases where lysosomal activities are
affected, or in diabetes without renal complications in situ-
ations where lysosomal activity is turned off in non-renal
tissues. Such drugs include antiproliferative drugs, such as
anti cancer drugs.

[0008] Until now, it was thought that the conventional
radioimmunoassay was suitable for detecting all of a specific
protein in a sample (i.e., Total protein). But the total content
of the protein may include more than those that are identi-
fiable by known antibodies using conventional radioimmu-
noassay (RIA). Currently available radioimmunoassays rely
on antibodies to detect proteins such as albumin. Antibody
detection is very sensitive down to nanogram levels. How-
ever, the specificity of the antibodies influences detection of
the protein. The antibody detects certain epitopes. If the
specific epitope on the albumin is absent, altered or masked,
or the albumin is modified in any other way so that the
antibody fails to detect the albumin, conventional radioim-
munoassays may not provide a true representation of the true
amount of albumin present in a urine sample.

[0009] As such, by the time the excess albumin is
detected, kidney disease has progressed, possibly to a stage
where it is irreversible and treatment has little effect. There-
fore there is a continuing need in the art to provide a test that
is more sensitive than the currently known radioimmunoas-
say to detect such a disease as early as possible so that the
discase can be either prevented or a treatment protocol
commenced early on in the disease.

[0010] However, previous attempts to use urinary protein
profiles for diagnostic purposes have been rather disappoint-
ing with respect to their clinical validity, in part because of
the insufficient reproducibility, sensitivity, and rapidity of
available techniques. Thus, there exists a continuing need
for an improvement in methods for of detecting an early
stage of renal disease and/or renal complications of a
disease, particularly the renal complications of diabetes.

SUMMARY OF THE INVENTION

[0011] In one aspect, the invention provides improved
methods of detecting an early stage of renal disease and/or
renal complications of a disease, particularly diabetes. A
fragmentation profile is determined in terms of the size, and
sequence of particular fragments derived from intact filtered
proteins together with the position where enzyme scission
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occurs along the protein polypeptide chain. The fragmenta-
tion profile is characteristic of the diseased state of the
kidney. Accordingly, methods of detecting early signs of a
disease, including kidney discase, determining a patient’s
propensity for the disease, preventing the onset of the
discase, and treating the disease at the earliest stage possible
are some of the aspects of the invention.

[0012] The method involves taking urine from a subject,
and separating all the protein fragments therein. In a pre-
ferred embodiment, the separation is accomplished by
HPLC (single dimensional or two dimensional or three
dimensional  electrophoresis  and/or  chromatography),
optionally followed by sizing the fragments by mass spec-
trometry and using amino acid sequencing to determine the
peptide sequence and where enzyme scission has occurred.

[0013] Although not limited to any particular disease,
according to the method of the invention, the disease sought
to be diagnosed includes nephropathy, diabetes insipidus,
diabetes type 1, diabetes II, renal disease (glomerulonephri-
tis, bacterial and viral glomerulonephritides, IgA nephropa-
thy and Henoch-Schénlein Purpura, membranoproliferative
glomerulonephritis, membranous nephropathy, Sjogren’s
syndrome, nephrotic syndrome (minimal change disease,
focal glomerulosclerosis and related disorders), acute renal
failure, acute tubulointerstitial nephritis, pyelonephritis, GU
tract inflammatory discase, Pre-clampsia, renal graft rejec-
tion, leprosy, reflux nephropathy, nephrolithiasis), genetic
renal discase (medullary cystic, medullar sponge, polycystic
kidney disease (autosomal dominant polycystic kidney dis-
ease, autosomal recessive polycystic kidney disease,
tuborous sclerosis), von Hippel-Lindau disease, familial
thin-glomerular basement membrane disease, collagen III
glomerulopathy, fibronectin glomerulopathy, Alport’s syn-
drome, Fabry’s disease, Nail-Patella Syndrome, congenital
urologic anomalies), monoclonal gammopathies (multiple
myeloma, amyloidosis and related disorders), febrile illness
(familial Mediterranean fever, HIV infection—AIDS),
inflammatory disease (systemic vasculitides (polyarteritis
nodosa, Wegener’s granulomatosis, polyarteritis, necrotiz-
ing and crescentic glomerulonephritis), polymyositis-der-
matomyositis, pancreatitis, rheumatoid arthritis, systemic
lupus erythematosus, gout), blood disorders (sickle cell
disease, thrombotic thrombocytopenia purpura, hemolytic-
uremic syndrome, acute cortical necrosis, renal thromboem-
bolism), trauma and surgery (extensive injury, burns,
abdominal and vascular surgery, induction of anesthesia),
drugs (penicillamine, steroids) and drug abuse, malignant
disease (epithelial (lung, breast), adenocarcinoma (renal),
melanoma, lymphoreticular, multiple myeloma), circulatory
disease (myocardial infarction, cardiac failure, peripheral
vascular disease, hypertension, coronary heart disease, non-
atherosclerotic cardiovascular disease, atherosclerotic car-
diovascular disease), skin disease (psoriasis, systemic scle-
rosis), respiratory disease (COPD, obstructive sleep apnoea,
hypoia at high altitude) and endocrine disease (acromegaly,
diabetes mellitus, diabetes insipidus). Specific proteinuria,
and in particular, albuminuria (micro- and macro-), is a
marker of these disease.

[0014] In another embodiment, the invention provides
improved methods of detecting non-renal diseases. With the
recognition that filtered proteins are degraded during renal
passage, the methods described in this application can also
be used to detect protein fragments derived from proteins
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generated by non-renal discase. Non-renal diseases, such as
cancers, generate increased levels of proteins into the cir-
culation. Urinary analysis of filtered proteins currently does
not detect the intact form of these proteins. Therefore a
method as described below to detect and analyze fragments
resulting from degradation during renal passage that will be
able to detect the seriousness of the disease.

[0015] 1In another aspect of the present invention there is
a method of measuring intact modified albumin useful for
the detection of disease, by concentrating a urine sample,
denaturing the concentrated sample by enzymic or chemical
breakdown and analyzing the products, for example, by
electrophoresis.

[0016] Both embodiments can use non-antibody technol-
ogy as well, by separating a desired protein and its fragments
from urine samples in a three-dimensional fashion; isolating
the fragments; and determining the sequence of the protein
and its fragments. This assay is repeated over a period of
time. A change in the fragmentation profile over time
indicates early stage of a particular disease. A change in the
size of the fragments, as determined by sequence analysis,
can indicate which type of renal disease the subject has a
propensity to develop.

[0017] In still another aspect of the invention, antibody
technology is used to detect intact albumin in urine. The
invention provides a specific method for preparing purified
or substantially purified intact albumin from a urine sample.
From such prepared and purified or substantially purified
intact albumin, specific anti-intact albumin antibodies are
developed. Such anti-intact albumin antibodies are useful
for the development of diagnostic immunoassays for intact
albumin that can be used to predict the onset and/or progress
of discase.

[0018] These and other objects of the invention will be
more fully understood from the following description of the
invention, the referenced drawings attached hereto and the
claims appended hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 illustrates the progress of filtered intact
albumin into tubular cells and breakdown of albumin to
provide excreted albumin fragments.

[0020] FIG. 2 (2¢ and 2b) illustrate a representative
profile of (3H)HSA in (a) urine and (b) plasma collected
from normal, healthy volunteers by size exclusion chroma-
tography. Urine contains mostly fragmented albumin. And
plasma contains mostly intact albumin.

[0021] FIG. 3 illustrates urine from normal, healthy vol-
unteer showing a fragmented albumin peak, but no intact
albumin peak from size exclusion chromatography.

[0022] FIG. 4 illustrates urine from a diabetic patient
showing both intact and fragmented albumin peaks from
size exclusion chromatography.

[0023] FIG. 5 illustrates a HPLC profile of albumin alone.

[0024] FIG. 6 illustrates the HPLC profile of plasma from
normal, healthy volunteer showing albumin peaks.

[0025] FIG. 7 shows the HPLC profile of urine from
normal, healthy volunteer with fragmented products of albu-
min but no intact albumin peak.
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[0026] FIG. 8 shows the HPLC profile of a urine sample
from a normoalbuminuric diabetic patient showing albumin
breakdown products and a small-modified albumin peak at
approximately 39-44 minutes retention time.

[0027] FIG. 9 shows the HPLC profile of urine from a
normoalbuminuric diabetic patient showing signs of kidney
failure and the presence of the characteristic spiked albumin
peak at approximately 39-44 minutes retention time.

[0028] FIG. 10 illustrates a HPLC profile of a normoal-
buminuric diabetic patient showing signs of kidney failure
and the presence of the characteristic spiked modified albu-
min peak at approximately 39-44 minutes retention time.

[0029] FIG. 11 illustrates a HPLC of a macroalbuminuric
diabetic patient showing high levels of the native albumin as
well as the characteristic spiked appearance at approxi-
mately 39-44 minutes retention time.

[0030] FIG. 12 illustrates a longitudinal study of a patient
in which the modified protein was detected at a time prior to
onset of diabetic nephropathy, indicating predisposition to
diabetic nephropathy, and the delay in treatment caused by
relying on conventional RIA methods.

[0031] FIG. 13 illustrates a longitudinal study of a patient
in which the modified protein was detected at a time prior to
onset of diabetic nephropathy, indicating predisposition to
diabetic nephropathy, and the delay in treatment caused by
relying on conventional RIA methods.

[0032] FIG. 14 illustrates a longitudinal study of a patient
in which the modified protein was detected at a time prior to
onset of diabetic nephropathy, indicating predisposition to
diabetic nephropathy, and the delay in treatment caused by
relying on conventional RIA methods.

[0033] FIG. 15 shows the HPLC chromatogram used as a
criterion of purity of the modified albumin of Example 4.

[0034] FIG. 16 is a schematic diagram illustrating the
manner in which an intact filtered protein may be degraded
by normal functioning kidneys and diseased kidneys.

[0035] FIG. 17 illustrates the HPLC profile of a trypsin
digested sample of albumin that has been filtered through a
30,000 molecular weight cut-off membrane. The filtrate
yields many peaks eluting between 2 to 30 minutes.

[0036] FIG. 18 illustrates the HPLC profile of a control,
normal subject showing many fragments in the eluting range
of 10 to 30 minutes. The HPLC profile of a diabetic patient
with macroalbuminuria (1457 microgram per minute) shows
a significantly different fragment profile in the range of
10-30 minutes.

[0037] FIG. 19 illustrates the HPLC profile of a subject
with renal disease. As compared with FIG. 18, the fragmen-
tation process of filtered proteins is inhibited. The number of
fragments is decreased and the size of the fragments is
increased.

[0038] FIG. 20 illustrates the HPLC profile of urine from
a diabetic patient with kidney disease after concentration
showing intact albumin, including both native albumin and
intact albumin.

[0039] FIG. 21 illustrates the HPLC profile of urine from
a diabetic patient with kidney disease after affinity purifi-
cation showing intact albumin.
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[0040] FIG. 22 illustrates a schematic diagram showing
the steps involved in performing an ELISA to detect intact
albumin.

DETAILED DESCRIPTION OF THE
INVENTION

[0041] The applicant has discovered that when proteins,
including al acid glycoprotein (orosomucoid), ol acid
antitrypsin, a1 glycoprotein, al lipoprotein, alpha-1-micro-
globumin, a2 195 glycoprotein, bence-jones proteins, 1
lipoprotein, 1 transferrin, f2 glycoprotein, 2 microglobin,
ceruloplasmin, euglobulin, fibrinogen, globulin (a-globulin
(al-globulin, a2-globulin) B-globulin, y-globulin), glucose
oxidase, growth hormone, haptoglobin, horseradish peroxi-
dase, insulin, lactate dehydrogenase, lysozyme, myoglobin,
protein hormone, pseudoglobulin I and II, and parathyroid
hormone, prealbumin, retinol binding protein, and tamm
horsfall glycoprotein and major plasma proteins such as
albumin and immunoglobulins A, E, G and M, are filtered by
the kidney they are subsequently degraded by cells in the
kidney prior to the material being excreted. Tubular cells
likely take up the filtered proteins. Tubular cells lie beyond
the kidney filter and come in direct contact with the primary
filtrate. When the tubular cells internalize proteins, they are
directed towards the lysosomes, where they are partially
degraded to various size fragments, and then regurgitated to
outside the cell. These regurgitated fragments, of which
there may be at least 60 different fragments generated from
any one particular type of protein, are then excreted into the
urine.

[0042] The applicant has discovered that in renal disease
fragmentation of proteins is inhibited. This means that
substantially full-length filtered proteins will be excreted in
a person suffering from renal disease. This transition from
fragmentation to inhibition of fragmentation of excreted
proteins is a basis for the development of new drugs and
diagnostic assays. For example, initial changes that occur
with the onset of renal complications in diabetes are asso-
ciated with a change in the fragmentation profile of excreted
albumin. This leads to an apparent microalbuminuria, which
is synonymous with the development of diabetic nephropa-
thy. Tt is likely that this is due to an inhibition in the
lysosomal activity of tubular cells in diabetes.

[0043] Thus, drugs can be formulated to turn on lysosomal
activity in diabetes where renal complications are occurring.
The drugs may also be useful in other renal diseases where
lysosomal activities are affected, or in diabetes without renal
complications in situations where lysosomal activity is
turned off in non-renal tissues. Such drugs include antipro-
liferative drugs, such as anti cancer drugs or antibodies to
neutralize TGF-beta.

[0044] The applicant has discovered a unique assay for
detecting protein fragment arrays of specific proteins, which
are detected in the urine of subjects. Detection of the protein
fragment array and changes to the protein fragment array are
predictive of a predisposition to renal disease.

[0045] The principle of the protein fragment array is
shown in FIG. 16. The intact protein is represented by a
series of regions representing specific amino acid sequences
within the protein. All proteins have these specific primary
structures. When such a protein from plasma, like albumin
or immunoglobulin is filtered it is filtered intact. However,
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after the protein is filtered it may be taken up by renal cells,
such as early proximal tubular cells, and be degraded, by
enzymes within lysosomes, to many fragments (FIG. 16).
These fragments are excreted in urine. For normal function-
ing kidneys, the fragmentation process is maximal with
small fragments derived from many individual filtered pro-
teins being produced and ultimately excreted. FIG. 17
illustrates a fragmentation profile from the trypsin digest of
albumin. A similar profile is seen in the urine of a control,
normal volunteer (FIG. 18). In terms of the number of
fragments produced from each protein and the nature of the
peptide splitting (i.e., the position along the protein where
scission occurs), the fragmentation profile is specific. The
size and sequence characteristic of the individual fragments
will be characteristic of the specificity and activity of
lysosomal enzymes acting on the protein.

[0046] Proteases such as V-8, trypsin and Lys-C can be
used to produce a peptide map of a purified protein. Other
proteases can be used, preferably proteases that cause lim-
ited proteolysis (“enzyme scission”), in which a protease
cleaves only one or a limited number of peptide bonds of a
target protein. The protease can be from any group of
proteases, such as the serine proteinases (chymotrypsin,
trypsin, elastase, kallikrein, and the substilisin family), the
cysteine proteinases (the plant proteases such as papain,
actinidin or bromelain, some cathepsins, the cytosolic
calpains, and parasitic proteases (e.g., from Trypanosoma,
Schistosoma), the aspartic proteinases. (pepsin family mem-
bers such as pepsin, chymosin, some cathepsins D, and
renin; certain fungal proteases (penicillopepsin, rhizopus-
pepsin, endothiapepsin); and viral proteinases such as ret-
ropepsin); and the metalloproteinases (including thermol-
ysin, neprilysin, alanyl aminopeptidase, and astacin).

[0047] In renal disease, the fragmentation process of fil-
tered proteins is inhibited. The number of fragments is
decreased and the size of the fragments is increased (FIG.
19). This is due to the fact that there are less points of
scission by lysosmal enzymes. Therefore, in terms of the
size and amino acid sequence, the fragment profile is con-
siderably different from that obtained in normal kidneys for
any particular filtered protein, such as albumin or immuno-
globulin. The degree of inhibition of fragmentation will
depend on the severity of the disease. As discase progresses
the degree of fragmentation will become less as demon-
strated in FIG A.

[0048] U.S. Pat. No. 5,246,835 discloses a method of
diagnosing renal diseases by detecting fragments of albumin
in human urine. The 835 patent discloses that the fragments
are derived from the plasma and are filtered by the kidney,
unaltered, and are ultimately excreted. The method of detec-
tion of the urinary fragments in the ’835 patent preferably
involves the use of affinity binding to conventional albumin
antibodies. In contrast to the method of present invention,
there is an increased detection of albumin fragments in
diabetes in the method of the '835 patent. In the present
invention, the diagnosis of diabetic nephropathy can occur
when there is a decrease in the number of fragments. The
albumin fragments examined in the present invention are not
necessarily detected by albumin antibodies.

[0049] In contrast to the method of the 835 patent, one
embodiment of the invention is the taking urine from a
patient, and separating all the fragments by HPLC (single
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dimensional or two dimensional or three dimensional elec-
trophoresis and/or chromatography) and then sizing the
fragments by mass spectrometry and then using amino acid
sequencing to determine the peptide sequence and where
peptide scission occurred.

[0050] The protein fragments can be detected and sepa-
rated by a variety of methods that are well-known in the art,
including, but not limited to chromatography, electrophore-
sis and sedimentation, or a combination of these, which are
described in Karger B L, Hancock W S (eds.) High Reso-
lution Separation and Analysis of biological Macromol-
ecules. Part A Fundamentals in Methods in Enzymology,
Vol. 270, 1996, Academic Press, San Diego, Calif., USA;
Karger B L, Hancock W S (eds.) High Resolution Separation
and Analysis of biological Macromolecules. Part B Appli-
cations in Methods in Enzymology, Vol. 271, 1996, Aca-
demic Press, San Diego, Calif., USA; or Harding S E, Rowe,
A ], Horton J C (eds.) Analytical Ultracentrifugation in
Biochemistry and Polymer Science. 1992, Royal Soc.
Chemistry, Cambridge, UK, which references are incorpo-
rated herein by reference in their entirety.

[0051] The electrophoresis method includes, but is not
limited to, moving-boundary electrophoresis, zone electro-
phoresis, and isoelectric focusing.

[0052] The chromatography method includes, but is not
limited to, partition chromatography, adsorption chromatog-
raphy, paper chromatography, thin-layer chromatography,
gas-liquid chromatography, gel chromatography, ion-ex-
change chromatography, affinity chromatography, and
hydrophobic interaction chromatography. Preferably, the
method is a sizing gel chromatography and hydrophobic
interaction chromatography. More preferably, the method is
hydrophobic interaction chromatography using a HPLC
column.

[0053] HPLC is preferred for generating a fragmentation
profile. A fragmentation profile on HPLC is characterized by
a series of peaks representing a number of fragment species.

[0054] AHPLC column for detecting modified albumin or
unmodified albumin may be a hydrophobicity column, such
as Zorbax 300 SB-CB (4.6 mmx150 mm). A 50 ul sample
loop may be used. Elution solvents suitable for HPLC in
detecting albumin and its breakdown products may include
standard elution solvents such as acetonitrile solvents. Pref-
erably a buffer of water/1% trifluoro acetic acid (TFA)
followed by a buffer of 60% acetonitrile/0.09% TFA may be
used. A gradient of 0 to 100% of a 60% acetonitrile/0.09%
TFA has been found to be suitable.

[0055] Suitable HPLC conditions for a hydrophobicity
column may be as follows:

[0056] Solvent A H20, 1% trifluoro acetic acid
[0057] Solvent B 60% acetonitrile, 0.09% TFA
[0058] Solvent A2 99.96>00.00:49.58 min
[0059] Pressure 9.014 Mpascalls (~1100 psi)
[0060] Solvent B2 0.04>100.0:49.58 min
[0061] Pressure 7.154 Mpascalls

[0062] The wavelength used in HPLC may be approxi-
mately 214 nm. For albumin, modified albumin may elute
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between 39-44 minutes (FIG. 5). Albumin fragments may
elute much earlier, mainly at less than 20 minutes.

[0063] The applicant has developed a unique method for
the preparation and isolation of purified or substantially
purified intact albumin. Such purified or substantially puri-
fied intact albumin is useful for the preparation of anti-intact
albumin antibodies, which are useful for developing diag-
nostic immunoassays for intact albumin that can be used as
a predictor of the early onset of, or progression toward renal
disease and/or kidney complications of disease. The assay is
preferably repeated to detect intact albumin over a period of
time. An increase in the level of intact albumin in the urine
over time indicates early stage of a renal disease and/or renal
complications of a particular disease.

[0064]

[0065] “Anti-intact albumin antibody” refers to a defense
protein, like an antibody or immunogen, that possesses
antigen-binding sites to, and/or binds specifically to, intact
albumin. “Anti-intact protein antibody” refers to a defense
protein, like an antibody or immunogen, that possesses
antigen-binding sites to, and/or binds specifically to, an
intact protein.

[0066] “Fragmented protein or fragment albumin”
includes post-glomerular breakdown products after chemi-
cal, enzymatic or physical breakdown that occurs during
renal passage. These components have a reduced size and/or
may have changed hydrophobicity.

[0067] “Intact albumin, modified albumin, or modified
form of albumin” as used herein means a compound having
similar size and structural characteristics to native albumin,
wherein the amino acid sequence is substantially the same as
the native albumin. It is preferably a filtered intact protein.
It elutes at or near the same position as native albumin on
high-pressure liquid chromatography (HPLC) (FIG. §).
However, the structure has been modified biochemically
either by minor enzyme mediated modification or addition to
its basic structure and/or physically through a change in its
three dimensional structure so that it escapes detection by
conventionally used anti-albumin antibodies. Biochemical
modification may be made by enzymes such as endo- or
exo-peptidases. The 3D structure of albumin may have been
altered in some way. Ligands may have bound to the
albumin, or it may be any combination of these. The
modified albumin detected in the method of the invention is
not detectable by current and conventional radioimmunoas-
says using available antibodies and is not a fragment.

[0068] Conventional anti-albumin antibodies can be pur-
chased from any purveyor of immunochemicals. For
example, monoclonal antibody catalog numbers A6684
(clone no. HSA-I 1), and A2672 (clone no. HSA-9), as well
as liquid whole serum, lyophilized fractionates, liquid IgG
fraction, and the monoclonal antibodies in liquid ascites
fluids form, can be obtained from Sigma, St. Louis, Mo., as
found in the Immunochemicals section at pages 1151-1152
in the 1994 Sigma-Biochemicals Organic Compounds for
Research and Diagnostic Reagents catalog.

[0069] As used herein, intact/modified albumin includes
albumin that is substantially full-length, fragmented, chemi-
cally modified, or physically modified. As used herein,
intact/modified albumin is meant to indicate albumin that is
less than, equal to, or greater in molecular weight than the
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full-length albumin, and elutes at or near the native albumin
position in a separation medium, such as chromatography,
preferably HPLC, and most preferably hydrophobicity
HPLC. As used herein, fragmented albumin is meant to refer
to the fragment of albumin that is not detected by conven-
tional anti-albumin antibody, and its presence is detected in
diagnosing an early stage of renal disease and/or renal
complications of a disease. The detection of the presence of
intact/modified albumin is an indication of a predisposition
to renal disease.

[0070] “Intact protein, modified protein or modified form
of a protein” as used herein includes those forms of sub-
stantially full-length protein which are undetectable by
conventional radioimmunoassay. The protein includes, but is
not limited to, albumin, a1 acid glycoprotein (orosomu-
coid), al acid antitrypsin, al glycoprotein, ol lipoprotein,
alpha-1-microglobumin, a2 19S glycoprotein, bence-jones
proteins, p1 lipoprotein, p1 transferrin, 2 glycoprotein, $2
microglobin, ceruloplasmin, euglobulin, fibrinogen, globu-
lin a-globulin (al-globulin, a2-globulin) P3-globulin,
y-globulin), glucose oxidase, growth hormone, haptoglobin,
horseradish peroxidase, immunoglobulins A, E, G and M,
insulin, lactate dehydrogenase, lysozyme, myoglobin, pro-
tein hormone, pseudoglobulin I and II, and parathyroid
hormone, prealbumin, retinol binding protein, and tamm
horsfall glycoprotein.

[0071] “Kidney disease” as used herein includes any mal-
function of the kidney. Kidney disease may be identified by
the presence of intact or modified albumin in the urine.
Preferably, an early diagnosis of the kidney disease may be
made by detecting the presence of modified protein in the
urine, or an increase in the modified protein in the urine over
time.

[0072] “Low lysosome activity” as used herein is com-
pared against normal levels of lysosome activity and/or
lysosome machinery that traffics protein to the lysosome in
a normal individual. The activity is insufficient for the
lysosome to fragment proteins so that intact protein is
excreted at a greater amount than at normally low levels.

[0073] “Lysosome-activating compound” as used herein
refers to a compound that is beneficial to reactivation of the
lysosome. The compound may work directly or indirectly on
the lysosome resulting in activation of lysosomal function.
These compounds may be selected from the group includ-
ing, but not limited to, anticancer compounds, antiprolifera-
tion compounds, paracetamol, vitamin A (retinoic acid) or
derivatives of retinol, or compounds, including antibodies,
to neutralize TGF beta.

[0074] “Macroalbuminuria” is a condition where an indi-
vidual excretes greater than 200 pg albumin/min in the urine
as measured by conventional radioimmunoassay (RIA).

[0075] “Microalbuminuria” is a condition where an indi-
vidual excretes at least 20 ug albumin/min in the urine as
measured by conventional radioimmunoassay (RIA). RIA
measures down to 15.6 ng/ml and is able to measure albumin
in urine of normal subjects who have clearance of less than
6 ug/min. However, when albumin excretion exceeds 20
ug/min, treatment of the kidney disease is limited and full
recovery is difficult from this point.

[0076] “Microalbuminuric” as used herein is a condition
when albumin is detected in the urine at an excretion rate of
at least 20 pug/min as measured by conventional RIA.
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[0077] As used herein, “native” and “unmodified” are
used interchangeably to describe a protein that is naturally
found in an organism, preferably a human, which has not
been modified by the filtering process of the renal glomeruli.
Native albumin as defined herein is detectable by conven-
tional immunoassays using conventional albumin antibod-
ies.

[0078] “Normal individual” as used herein is an individual
who does not have a disease in which intact protein found in
urine is an indicator of the disease. Preferably, the discase is
kidney disease.

[0079] “Normal levels of lysosome activity” are levels of
lysosome activity found in undiseased kidney of a normal
individual.

[0080] “Normoalbuminuric” as used herein means a con-
dition where albumin is excreted in the urine and is not
detectable by RIA, or less than 20 yg/min (as measured by
RIA) is excreted.

[0081] “Propensity for a discase” as used herein means
that a disease may result in an individual as judged by a
determination of the presence and excretion rate of a modi-
fied protein such as modified albumin.

[0082] “Proteinuria” as used herein is the existence of
protein in the urine, usually in the form of albumin, a protein
that is soluble in water and can be coagulated by heat.
Related to this, “specific proteinuria” refers to the existence
of a particular protein in the urine.

[0083] “Purified or substantially purified” refers to a sub-
stance, for example a protein, that is substantially free from
contaminants, including, without limitation, native protein.

[0084] “Radioimmunoassay” as used herein is a method
for detection and measurement of substances using radio-
actively labeled specific antibodies or antigens.

[0085] “Reactivation of the lysosome” as used herein
includes an activation of lysosome activity preferably so that
breakdown of proteins, particularly albumin, is increased
compared with an inactivated state of the lysosome.

[0086] “Restore” as used herein means to restore in full or
in part so that the component being restored has an improved
function compared with its previous function.

[0087] The “sum of intact and intact modified protein” as
used herein refers to the total amount of intact protein, and
intact modified protein present in a biological sample.

[0088] “Total protein” as used herein refers to a particular
filtered protein present in native, unmodified, modified or
fragmented form that is excreted in urine. It includes protein
that is not detected by conventional radioimmunoassay or
conventional methods, which are currently available to
detect the protein. Preferably the protein is albumin.

[0089]

[0090] Urinary protein profiles can be created and exam-
ined using the methods of Hampel D J et al., J. Am. Soc.
Nephrol. 12(5): 1026-35 (2001), who have developed a
sensitive, high-throughput technique, namely surface-en-
hanced laser desorption/ionization (SELDI) ProteinChip®
array-time of flight mass spectrometry. Hampel et al. tested
the applicability of the technique for protein profiling of
urine and to exemplify its use for patients receiving radio-
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contrast medium. Assessment of the accuracy, sensitivity,
and reproducibility of SELDI in test urinary protein profiling
was performed in rats before and after intravenous admin-
istration of either ioxilan or hypertonic saline solution as a
control. Administration of ioxilan to rats resulted in changes
in the abundance of proteins of varying weights. Then, urine
samples from patients undergoing cardiac catheterization
were obtained. For patients, even in uncomplicated cases of
radiocontrast medium infusion during cardiac catheteriza-
tion, perturbations in the protein composition occurred but
returned to baseline values after 6 to 12 hours. Proteins with
certain defined molecular masses changed in abundance. For
patients with impaired renal function, these changes were
not reversible within 6 to 12 hours. As a proof of principle,
one of the proteins was identified as f2-microglobulin. Even
for patients without renal complications, proteins with a
broad range of molecular masses either appear in or disap-
pear from the urine.

[0091] Urinary protein profiles can also be created and
examined using the commercially available ProteinChip®
System (Ciphergen Biosystems, Fremont, Calif., USA),
which uses SELDI (Surface-Enhanced Laser Desorption/
Ionization) technology to rapidly perform the separation,
detection and analysis of proteins at the femtomole level
directly from biological samples. Each aluminum chip con-
tains eight individual, chemically treated spots for sample
application; this set-up facilitates simultaneous analysis of
multiple samples. A colored, hydrophobic coating retains
samples on the spots and simultaneously allows for quick
identification of chip type. Typically, a few microliters of
sample applied on the ProteinChip® Array yield sufficient
protein for analysis with the ProteinChip® Reader.

[0092] For more dilute samples, a ProteinChip® Biopro-
cessor can be used to apply up to 500 ul. The mass
determination of protein samples is accomplished by sample
crystallization, sample ionization, flight through a vacuum
tube, and detection of the ionized proteins. After washing off
non-specifically bound proteins and other contaminants
from the ProteinChip® Array, a chemical Energy Absorbing
Molecule (EAM) solution is applied and allowed to dry,
during which time minute crystals form on the chip. These
crystals contain the EAM and the protein(s) of interest. After
inserting the ProteinChip Array into the ProteinChip Reader,
a laser beam is focused upon the sample, which causes the
proteins embedded in the EAM crystals to desorb and ionize.
Released ions then experience an accelerating electrical field
that causes them to “fly” through a vacuum tube, towards the
ion detector. Finally, the ionized proteins are detected and an
accurate mass is determined based on the time of flight
(TOF).

[0093] Proteases such as V-8, trypsin and Lys-C can be
used to produce a peptide map of a purified protein bound to
the ProteinChip® Array by on-chip protease digestion as
shown in the figure to the right. The molecular weights of the
resulting fragments can be compared to a peptide database
for identification. The process takes less than an hour.

[0094] Additionally, twelve ProteinChip Arrays aligned
side-by-side create a 96-well plate footprint. A typical
experiment using ProteinChip Array technology requires
one to three hours of work at the bench followed by
automated sample analysis with the ProteinChip Reader.
The entire process thus can be completed in a single after-
noon.
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[0095] Other Methods

[0096] According to the present invention, the diseases to
be treated include, but are not limited to renal disease
(glomerulonephritis, bacterial and viral glomerulonephriti-
des, IgA nephropathy and Henoch-Schénlein Purpura, mem-
branoproliferative glomerulonephritis, membranous nephr-
opathy, Sjégren’s syndrome, diabetic nephropathy,
nephrotic syndrome (minimal change disease, focal glom-
erulosclerosis, and related disorders), acute renal failure,
acute tubulointerstitial nephritis, pyelonephritis, GU tract
inflammatory disease, Pre-clampsia, renal graft rejection,
leprosy, reflux nephropathy, nephrolithiasis), genetic renal
disease (medullary cystic, medullar sponge, polycystic kid-
ney disease (autosomal dominant polycystic kidney disease,
autosomal recessive polycystic kidney disease, tuborous
sclerosis), von Hippel-Lindau disease, familial thin-glom-
erular basement membrane disease, collagen III glomerul-
opathy, fibronectin glomerulopathy, Alport’s syndrome,
Fabry’s disease, Nail-Patella Syndrome, congenital urologic
anomalies).

[0097] In one aspect of the invention, there is provided a
method for determining a propensity for or early diagnosis
of renal disease and/or renal complications of a disease. The
method includes determining a change in the albumin con-
tent in a urine sample. The disease may be a kidney disease,
although not necessarily limited to a kidney disease.

[0098] In the method of the invention, albumin is used
herein only as an example of a protein to be detected in
urine. When the albumin in a patient is analyzed by con-
ventional RIA, it is expected that a normoalbuminuric
patient or normal individual would have albumin in the urine
in the range of 3-10 yg/min in young people and greater in
older people. However, normoalbuminuric patients also
show levels of albumin in the urine if measured by HPLC.
Applicant has found that these levels may be in the order of
5 ug/min. As kidney disease progresses, the level of intact/
modified albumin will increase to microalbuminuria levels
in the order of 20 to 200 ug/min as determined by RIA. This
will be much higher when determined by HPLC or a method
that determines the sum of intact albumin and intact modi-
fied albumin. By monitoring the increase in intact/modified
albumin, early signs of kidney disecase may be detected.
However, these levels are not detectable by the methods
currently available such as radioimmunoassay using anti-
bodies currently commercially in use, possibly for the rea-
son that antibodies detect certain epitopes. If the albumin is
modified in any way as described above, the epitope may be
destroyed thereby leaving the modified albumin undetect-
able.

[0099] A patient suspected of having diabetic kidney dis-
ease will not show signs of kidney degeneration until well
after 10 to 15 years when albumin is detected by currently
available methods such as RIA methods. Urinary excretion
rates of at least 20 yg/min may be detected by RIA when an
individual enters a microalbuminuric state. Again, by
observing the excretion of modified albumin, a change in the
kidney and possibly onset of a kidney disecase may be
detected.

[0100] Anormoalbuminuric subject, or normoalbuminuric
diabetic patient may continue to have a low albumin excre-
tion rate of less than 20 pg/min as determined by RIA, for
many years. The presence of albumin in the urine is a sign
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that functions of the kidney may be impaired. Once this level
begins to change, treatment may be initiated.

[0101] In a normal individual a small amount of albumin
is detectable in the urine. Total filtered albumin appears
mainly as fragmented albumin in urine. Some albumin may
be detected in normoalbuminuric individuals. However, the
excretion rate of albumin in urine in a normoalbuminuric
individual may be as low as 5 ug/min. This level is generally
detectable by RIA.

[0102] The modified protein of the invention can be
detected by a variety of methods that are well-known in the
art, including, but not limited to chromatography, electro-
phoresis and sedimentation, or a combination of these,
which are described in Karger B L, Hancock W S (eds.)
High Resolution Separation and Analysis of biological Mac-
romolecules. Part A Fundamentals in Methods in Enzymol-
ogy, Vol. 270, 1996, Academic Press, San Diego, Calif,,
USA; Karger B L, Hancock W S (eds.) High Resolution
Separation and Analysis of biological Macromolecules. Part
B Applications in Methods in Enzymology, Vol. 271, 1996,
Academic Press, San Diego, Calif., USA; or Harding S E,
Rowe, A J, Horton J C (eds.) Analytical Ultracentrifugation
in Biochemistry and Polymer Science. 1992, Royal Soc.
Chemistry, Cambridge, UK, which references are incorpo-
rated herein by reference in their entirety.

[0103] The electrophoresis method includes, but is not
limited to, moving-boundary electrophoresis, zone electro-
phoresis, and isoelectric focusing.

[0104] The chromatography method includes, but is not
limited to, partition chromatography, adsorption chromatog-
raphy, paper chromatography, thin-layer chromatography,
gas-liquid chromatography, gel chromatography, ion-ex-
change chromatography, affinity chromatography, and
hydrophobic interaction chromatography. Preferably, the
method is a sizing gel chromatography and hydrophobic
interaction chromatography. More preferably, the method is
hydrophobic interaction chromatography using a HPLC
column.

[0105] The modified protein can also be detected by the
use of specific albumin dyes. Such methods are described by
Pegoraro et al., American Journal of Kidney Diseases 35(4):
739-744 (April 2000), the entire disclosure of which is
hereby incorporated by reference. The modified albumin, as
well as the whole albumin, is detectable by this dye method
to provide the sum of modified albumin and whole or intact
albumin. This detection method may be used with or without
an initial separation of the albumin components from urine.
Such dyes normally do not detect fragments <10,000 in
molecular weight, but will detect the modified albumin.

[0106] In this dye method of detection, a dye such as
Albumin Blue 580 is used. Such dyes are naturally non-
fluorescent, but fluoresce on binding to intact albumin as
well as the modified albumin, but do not bind to globulins.
Therefore, globulins do not interfere with the assay so that
measurements can be made in unfractionated urine.

[0107] Applicant has found that among diabetics, a nor-
moalbuminuric diabetic patient has almost undetectable
levels of modified or fragments of albumin when analyzed
by conventional RIA. They appear to be normal. However,
when the urine is tested by HPLC, the levels of modified
albumin are much greater than found in a normal individual.



US 2005/0026225 Al

This difference in albumin may be attributed to the inability
of conventional RIA’s to adequately detect all albumin (total
albumin) in intact or modified forms. Thus, HPLC is pre-
ferred for generating a fragmentation profile. A fragmenta-
tion profile on HPLC is characterized by a series of peaks
representing a number of species of albumin as fragments or
in intact or modified forms.

[0108] In a preferred aspect of the present invention, the
method of determining a propensity for or early diagnosis of
a kidney disease in a subject is determined before the subject
becomes microalbuminuric,

[0109] Measuring albumin content in a sample by an
HPLC method of the present invention may provide differ-
ent results from its measurement by conventional RIA. In
the HPLC technique, a low level of albumin is observed in
normal individuals. When the level of modified albumin
begins to be detected and its level increases, and progresses
toward microalbuminuria then a patient can be determined
to have a propensity for kidney disease.

[0110] In a normal individual, the HPLC generated frag-
mentation profile is characterized by the absence of a peak
in a region where full-length native albumin elutes. Instead,
multiple fragmented albumin is detectable. A pure protein
product (unmodified) produces essentially a single peak. For
example, using a hydrophobicity HPLC, albumin was
observed to elute in the range of 39-44 minutes (FIG. 5).
Thus, a normal individual would provide a distinct fragmen-
tation profile indicative of an absence of kidney disease or
no propensity for a kidney discase. However, as kidney
disease progresses, an increasing amount of modified albu-
min first, and then native form later are detectable. The
fragmentation profile begins to change and more products in
the region of full-length albumin manifests as additional
spikes or an enlarged peak indicative of more intact/modi-
fied albumin in the urine.

[0111] In a HPLC generated fragmentation profile of a
urine sample, the modified albumin may appear in a region
where native albumin elutes but may be manifest as multiple
peaks indicating the presence of multiple forms of modified
albumin.

[0112] In a further preferred embodiment, the propensity
for kidney disease may be measured by determining the
presence of or identifying at least one species of modified
albumin. This may be determined or identified by the
presence of a specific peak on a HPLC profile, preferably the
peak is within the range of position that corresponds to the
elution position of the native albumin.

[0113] The method for determining the propensity for
kidney disease is applicable to any individual. Kidney
discase may be caused by a number of factors including
bacterial infection, allergic, congenital defects, stones,
tumors, and chemicals, or from diabetes. Preferably, the
method is applicable for determining a propensity for kidney
discase in diabetic patients that may progress to a kidney
discase. Preferably, the individual is a normoalbuminuric
diabetic. However, normal individuals may be monitored for
propensity for the disease by determining increased levels of
intact or modified albumin in the urine.

[0114] The method of the invention can be carried out
using non-antibody separation procedures as described
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above. However, antibody specific for modified protein may
also be used to detect the presence of the modified protein.

[0115] The antibody to the modified protein may be
obtained using the following method. The procedure is
described specifically for albumin by way of example only,
and can be readily applied to antibody production against
any other protein in the urine. The method secks to deter-
mine which modified albumin molecule is the most sensitive
marker to identify diabetic patients, for example, who will
progress to kidney complications.

[0116] The modified albumin is characterized by carrying
out a quantitative separation of the modified albumin mol-
ecules, such as by preparative HPLC. The modified proteins
are analyzed for ligand binding, such as glycation. Subse-
quently, amino acid sequence of the individual modified
protein is determined, preferably by mass spectrometry
using methods described in Karger B L, Hancock W S (eds.)
High Resolution Separation and Analysis of biological Mac-
romolecules. Part A Fundamentals in Methods in Enzymol-
ogy, Vol. 270, 1996, Academic Press, San Diego, Calif.,
USA; or Karger B L, Hancock W S (eds.) High Resolution
Separation and Analysis of biological Macromolecules. Part
B Applications in Methods in Enzymology, Vol. 271, 1996,
Academic Press, San Diego, Calif., USA, for example,
which references are incorporated herein by reference in
their entirety. In a preferred embodiment, there may be about
3 to 4 modified albumin species.

[0117] The method of generating antibody against the
modified albumin seeks to develop a diagnostic immunoas-
say for the modified albumin that predicts those diabetic
patients, for example, that progress to kidney complications.
To accomplish this, sufficient quantities of modified albumin
is prepared by HPLC. Antibodies are made by sequential
injection of the modified albumin in an animal such as a
rabbit, to generate good titer, and the antibodies are isolated
using conventional techniques using methods described in
Goding J W, Monoclonal Antibodies: Principles and Prac-
tice. Production and Application of Monoclonal Antibodies
in Cell Biology, Biochemistry and Immunology, 2nd Edition
1986, Academic Press, London, UK; or Johnstone A, Thorpe
R, Immunochemistry in Practice, 3rd edition 1996, Black-
well Science Ltd, Oxford, UK, for example, which refer-
ences are incorporated herein by reference in their entirety.
The obtained antibodies may be polyclonal antibodies or
monoclonal antibodies.

[0118] Preferably, at least one species of a modified albu-
min is isolated and identified for use in determining a
propensity for kidney disease. The isolated species may be
used to generate antibodies for use in immunoassays. The
antibodies may be tagged with an enzymatic, radioactive,
fluorescent or chemiluminescent label. The detection
method may include, but is not limited to radioimmuoassay,
immunoradiometric  assay, fluorescent immunoassay,
enzyme linked immunoassay, and protein A immunoassay.
The assays may be carried out in the manner described in
Goding J W, Monoclonal Antibodies: Principles and Prac-
tice. Production and Application of Monoclonal Antibodies
in Cell Biology, Biochemistry and Immunology. 2nd Edition
1986, Academic Press, London, UK; Johnstone A, Thorpe R,
Immunochemistry in Practice, 3rd edition 1996, Blackwell
Science Ltd, Oxford, UK; or Price C P, Newman D J (eds.)
Principles and Practice of Immunoassay, 2nd Edition, 1997
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Stockton Press, New York, N.Y., USA, for example, which
references are incorporated herein by reference in their
entirety.

[0119] In another aspect of the present invention there is a
method of measuring intact modified albumin useful for the
detection of disease. The present invention recognizes that
there are two types of intact protein fragments that are
distinguished by their source. As mentioned above, filtered
proteins are degraded during renal passage and the frag-
ments so generated appear in the urine (i.¢., the first source).
A second source of intact protein fragments is the outcome
of a methodology of measuring intact protein. We have
observed that under denaturing conditions during electro-
phoresis, the protein may dissociate into large fragments.
Such dissociation during electrophoresis does not occur
under non-denaturing. Therefore the present invention pro-
vides a method to measure and analyze fragments resulting
from denaturation that will be able to detect the disease.
Preferably, the propensity for renal disease and/or renal
complications of a disease may be measured by determining
the presence of intact protein, like albumin, in a urine sample
or samples by concentrating the urine, denaturing the sample
by enzymic or chemical breakdown and analyzing the
sample for intact protein. Analyses for intact protein include
applying the urine sample on a chromatography, electro-
phoresis or sedimentation apparatus. Non-limiting exem-
plary methods of analysis include partition chromatography,
thin layer chromatography, gas-liquid chromatography, gel
chromatography, ion-exchange chromatography, affinity
chromatography, or hydrophobic interaction chromatogra-
phy, moving-boundary electrophoresis, zone electrophore-
sis, or isoelectric focusing.

[0120] In still another aspect of the invention, the propen-
sity for renal disease and/or renal complications of a disease
may be measured by determining the presence of intact
albumin in a urine sample or samples with an antibody
prepared from or with purified or substantially purified form
of intact albumin. As such, in another method of the inven-
tion, intact albumin is purified or substantially purified using
the following separation/purification procedure.

[0121] Preferably, urine is collected from a diabetic
patient. The urine is concentrated through a filter containing
small pores allowing water and small molecules to be
removed from the urine (less than 50 kDa in size) while
retaining any intact albumin (69 kDa in size). Native albu-
min is removed from the concentrated urine using affinity
chromatography, for example. Such chromatography
involves coupling a commercially available antibody that
detects native albumin (but not intact albumin) to a special
matrix (cyanogen bromide activated sepharose) under mild
conditions to form a bond between the antibody and the
agarose matrix. The urine sample is then applied to the
antibody-agarose matrix and all the native albumin in the
sample binds to the antibody. The unbound intact albumin is
then eluted from the matrix. Preferably, affinity purified
intact albumin is further purified to remove any remaining
contaminants using HPLC, for example. The time taken for
native albumin to elute on the HPLC column can be deter-
mined to be used as a standard control. Samples of the
affinity purified urine are then applied to the HPLC and only
material eluting at the same times as the albumin standard
are collected. HPLC purified intact albumin is further con-
centrated to remove water as described above using a filter
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containing small pores allowing water and small molecules
to be removed from the urine (less than 50 kDa in size).

[0122] In another preferred embodiment, provided is a
method of the invention to generate antibody against the
purified or substantially purified intact albumin to develop a
diagnostic immunoassay for intact albumin. The antibody
may be polyclonal or monoclonal. Detection of intact albu-
min in a sample is indicative of the onset or presence of renal
disease and/or kidney complications of disease.

[0123] Preferably, urine is collected from a patient, such as
a diabetic patient. The urine is concentrated through a filter
containing small pores to allow water and small molecules
to be removed from the urine (less than 30 kDa in sized)
while retaining any intact albumin (69 kDa in size). The
concentrated urine is dialyzed to remove any small contami-
nants less than 15 kDa in size. The dialyzed sample (antigen)
is mixed with an adjuvant, more preferably with an equal
amount of an adjuvant. Animals such as rabbits are injected
with the antigen-adjuvant mixture, and preferably injected
under the skin at multiple sites along the back. The animals
are repeatedly injected with antigen-adjuvant mixture peri-
odically to increase the blood concentration of antibody. A
sample of blood from the animal is removed, preferably
removed from the ear vein, and tested by ELISA.

[0124] More preferably, monoclonal antibodies are pre-
pared against purified or substantially purified intact albu-
min to develop a diagnostic immunoassay for intact albu-
min. Mice are immunized with an antigen, in this case intact
albumin, and are given an intravenous booster immunization
three days before they are killed in order to produce a large
population of spleen cells secreting specific antibody. Spleen
cells are harvested and are fused with immortal myeloma
cells using polyethylene glycol. The fused cells are known
as a hybrid cell line called a hybridoma and are cultured/
grown In hypoxanthine-aminopterin-thymidine (HAT)
medium. Only immortal hybridomas proliferate and the
unfused cells die. Individual hybridomas are screened by
known methods in the art, such as using an enzyme linked
immunosorbent assay or ELISA, for antibody production
and cells that make antibody of the desired specificity are
cloned by growing them up from a single antibody produc-
ing cell. The cloned hybridoma cells are grown in bulk
culture to produce large amounts of antibody. As each
hybridoma is descended from a single cell, all the cells of a
hybridoma cell line make the same antibody molecule (i.c.,
a monoclonal antibody).

[0125] Tt is to be understood that the methods described
herein for generating intact albumin antibodies from purified
or substantially purified intact albumin can also be used to
generate antibodies to other intact proteins that are not
detected by conventional antibodies. For example, the
present methods can be used to generate a purified or
substantially purified form of modified protein in the urine
that are not detected by conventional antibodies, presumably
as a result of the modification(s). For example, it is known
that in patients with proteinuria, there is an increase of
protein in the urine, such as for example, albumin, al acid
glycoprotein (orosomucoid), .l acid antitrypsin, al glyco-
protein, al lipoprotein, alpha-1-microglobumin, o2 19S
glycoprotein, bence-jones proteins, 31 lipoprotein, 1 trans-
ferrin, B2 glycoprotein, p2 microglobin, ceruloplasmin,
euglobulin, fibrinogen, globulin (a-globulin (al1-globulin,
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o2-globulin) f-globulin, y-globulin), glucose oxidase,
growth hormone, haptoglobin, horseradish peroxidase,
immunoglobulins A, E, G and M, insulin, lactate dehydro-
genase, lysozyme, myoglobin, protein hormone, pseudoglo-
bulin I and II, and parathyroid hormone, prealbumin, retinol
binding protein, and tamm horsfall glycoprotein. These
proteins can be treated as described herein for albumin to
remove native protein, and any intact protein can be used to
generate anti-intact protein antibodies. The anti-intact pro-
tein antibody can then be used to diagnose pathologic
conditions, such as proteinuria or kidney disease.

[0126] The invention also provides an article of matter or
a kit for rapidly and accurately determining the presence or
absence of modified protein such as modified native albumin
or intact albumin, in a sample quantitatively or non-quan-
titatively as desired. Each component of the kit(s) may be
individually packaged in its own suitable container. The
individual container may also be labeled in a manner, which
identifies the contents. Moreover, the individually packaged
components may be placed in a larger container capable of
holding all desired components. Associated with the kit may
be instructions, which explain how to use the kit. These
instructions may be written on or attached to the kit.

[0127] The invention is also directed to a method of
determining a treatment agent for renal disease and/or renal
complications of a disease, comprising;

[0128] (a) administering to a person an agent that is
suspected of being able to treat the disease;

[0129] (b) obtaining a urine sample from the person;
and
[0130] (c) assaying for the modified form of the

protein in the sample, wherein either the presence of
or lack of presence of a modified form of the protein
in the urine or decreasing amount of the modified
form of the protein over time indicates that the agent
is a treatment agent for the disease. The treatment
agent may be a lysosome activating agent that may
act directly or indirectly to activate lysosome, and
thereby cause the lysosome to digest post-glomerular
filtered proteins, which is a sign of a healthy kidney.

[0131] The process of trafficking of proteins to the lyso-
somes plays a role in the mechanism of albuminuria in
diabetes. An intracellular molecule that is involved in traf-
ficking is protein kinase C (PKC). It is contemplated that a
drug or agent can be formulated that will activate lysosomal
trafficking or inhibit PKC.

[0132] Accordingly, in one aspect of the present invention,
there is provided a lysosome-activating compound for use in
reactivating lysosomes or processes that direct substrates to
the lysosome or products away from the lysosome.

[0133] In another aspect of the present invention, there is
provided a composition comprising a lysosome-activating
compound and a carrier.

[0134] In yet another aspect of the invention there is
provided a method of preventing or treating kidney disease,
said method including administering an effective amount of
a lysosome-activating compound to a subject.

[0135] Inyet another aspect of the present invention, there
is provided a method of screening a multiplicity of com-
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pounds to identify a compound capable of activating lyso-
somes or processes that direct substrates to the lysosome or
products away from the lysosome, said method including the
steps of:

[0136] (a) exposing said compound to a lysosome
and assaying said compound for the ability to acti-
vate a lysosome wherein said lysosome when acti-
vated has a changed activity;

[0137] (b) assaying for the ability to restore a cellular
process to substantially normal levels in kidney
tissue, wherein said kidney tissue has a low lyso-
some activity; and/or

[0138] (c) assaying for the ability to restore tissue
turnover to substantially normal levels in kidney
tissue, wherein said kidney tissue has low lysosome
activity.

[0139] Lysosomes may be associated with the breakdown
of proteins, particularly albumin, in the kidney. In cases of
microalbuminuria, substantial amounts of albumin escape
lysosomal breakdown possibly due to a deactivated lyso-
some. Restoration of lysosomal breakdown may restore the
balance in the kidney of cellular processes and tissue turn-
over.

[0140] A lysosome-activating compound may be a com-
pound that acts directly or indirectly on the lysosome. By
acting indirectly, the compound may act on a component,
which influences the activity of the lysosome. Nevertheless,
the outcome results in an activation of the lysosome, thereby
providing enhanced protein breakdown.

[0141] In another aspect of the present invention, there is
provided a composition comprising a lysosome-activating
compound and a carrier.

[0142] The composition may be a physiologically accept-
able or pharmaceutically acceptable composition. However,
it will be a composition which allows for stable storage of
the lysosome activating compound. Where the composition
is a pharmaceutically acceptable composition, it may be
suitable for use in a method of preventing or treating kidney
disease.

[0143] In yet another aspect of the invention there is
provided a method of preventing or treating kidney disease,
said method including administering an effective amount of
a lysosome-activating compound to a subject.

[0144] As described above, the lysosome-activating com-
pound may act by reactivating the lysosome so that cellular
processes and tissue turnover are restored fully or in part,
thereby resulting in the kidney being restored partially or
fully. In any case, administering a lysosome activating
compound to an animal having kidney disease may restore
lysosome activity fully or in part.

[0145] Methods of administering may be oral or
parenteral. Oral may include administering with tablets,
capsules, powders, syrups, etc. Parenteral administration
may include intravenous, intramuscular, subcutaneous or
intraperitoneal routes.

[0146] The changed activity of the lysosome is preferably
a change which enhances the activity of the lysosome so that
albumin breakdown is improved. The ability to not only
activate lysosome but also improve cellular processes and/or
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tissue turnover is a characteristic of the most desirable
lysosome activating compound. Preferably, it is desired to
use the lysosome activating compound to restore kidney
function.

[0147] In another aspect of the present invention there is
provided a method for preventing kidney disease in a
subject, said method including:

[0148] (a) measuring the amount of intact and modi-
fied intact albumin content in a urine sample;

[0149] (b) determining a change in the amount of
intact albumin in the urine that has been modified so
as to be not detectable by conventional RIA methods
wherein the change is indicative of a propensity for
kidney disease; and

[0150] (c) treating the animal for a kidney disease
when a change is determined.

[0151] The following examples are offered by way of
illustration of the present invention, and not by way of
limitation.

EXAMPLES

Example 1

[0152] Size Exclusion Chromatography of Human Serum
Albumin (HSA)

[0153] Normal, healthy volunteers were used to provide
urine for analyzing the distribution of albumin in their urine.

[0154] *H[HSA] (Human Serum Albumin) was injected
into healthy volunteers and urine and plasma were collected
and analyzed by size exclusion chromatography using a
G-100 column. The column was eluted with PBS (pH=7.4)
at 20 ml/hr at 4° C. The void volume (V,) of the column was
determined with blue dextran T2000 and the total volume
with tritiated water.

[0155] Tritium radioactivity was determined in 1 ml aque-
ous samples with 3 ml scintillant and measured on a Wallac
1410 liquid scintillation counter (Wallac Turku, Finland).

[0156] FIG. 2 illustrates the distribution of albumin in
urine and in plasma.

Example 2

[0157] Albumin Excretion in a Normal, Healthy Volunteer
and Diabetic Patient *H[HSA] as used in Example I was
injected into a normal, healthy volunteer and a diabetic
patient. Samples of urine were collected and *H[HSA] was
determined as in Example 1.

[0158] The normal, healthy volunteer (FIG. 3) shows the
excretion of fragments of albumin on a size exclusion
chromatography as performed in Example 1.

[0159] The diabetic patient (FIG. 4) shows the presence of
substantially full-length and fragmented albumin on size
exclusion chromatography. However, excretion rates of
albumin detectable by these methods were in the order of 5
ug/min (control) and 1457 pg/min (diabetic).
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Example 3

[0160] Determination of Intact Albumin, and Intact/Modi-
fied Albumin on HPLC

[0161] Urine samples were collected from normal, healthy
volunteer, normoalbuminuric diabetic patients and from
macroalbuminuric patients. Urine was collected midstream
in 50 ml urine specimen containers. The urine was frozen
until further use. Prior to HPLC analysis the urine was
centrifuged at 5000 g.

[0162] Samples were analyzed on HPLC using a hydro-
phobicity column Zorbax 300 SB-CB (4.6 mmx 150 mm). A
50 ul sample loop was used.

[0163] Samples were eluted from the columns using the
following conditions.

[0164] Solvent A H20, 1% trifluoro acetic acid
[0165] Solvent B 60% acetonitrile, 0.09% TFA
[0166] Solvent A2 99.96>00.00:49.58 min Pressure

9.014 Mpascalls (~110 psi)

[0167] Solvent B2 0.04>100.0:49.58 min Pressure
7.154 Mpascalls

[0168] A wavelength of 214 nm was used.
Example 4
[0169] Purification of Modified Albumin for Antibody

Production by Standard Techniques

[0170] Urine from microalbuminuric patient which had an
intact albumin concentration of 43.5 mg/L as determined by
turbitimer (involving conventional immunochemical assay)
was initially filtered through a 30 kDa membrane to separate
the modified albumin from low molecular weight (<30,000)
protein fragments in urine. The material that was retained by
the filter gave a yield of intact albumin of 27.4 mg/L as
determined by turbitimer assay. This retained material was
then subjected to size exclusion chromatography on Sepha-
dex G100. The material collected was the peak fraction that
coelutes with intact albumin. This material gave a yield of
15.2 ml/LL of albumin as determined by the turbitimer
method. This material was then subjected to affinity chro-
matography on an intact albumin antibody column. This
column will only bind albumin that has conventional
epitopes. The yield of material that eluted from the column
was <6 mg/L (lowest sensitivity of the turbitimer). This is
expected as the immunoreactive albumin would have bound
to the affinity column. The eluate was then subject to reverse
phase HPLC chromatography (as described above) to deter-
mine the amount of immuno-unreactive albumin in the
sample. A 1452 unit area corresponding to 30.91 mg/L of
purified modified albumin was noted as shown in FIG. 3.
This purified modified albumin can then be used for anti-
body production by standard means.

[0171] Results

[0172] FIG. 5 illustrates a HPLC profile of albumin alone.
Essentially a single peak which elutes at approximately
39-44 minutes retention time was obtained.

[0173] FIG. 6 illustrates a HPLC profile of plasma show-
ing a distinct albumin peak at approximately 39-44 minutes
as well as other peaks corresponding to other plasma pro-
teins.

[0174] FIG. 7 illustrates a HPLC profile of a normal,
healthy volunteer showing no albumin peak in the urine
sample. This individual breaks down the albumin excreted
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into the urine possibly via an active lysosome. Substantial
fragmented products were evident showing prominence of
some species, particularly of a species at approximately less
than 14.5 minutes retention time.

[0175] When urine from a normoalbuminuric diabetic
patient (with an albumin excretion rate of 8.07 ug/min, as
measured by RIA) is analyzed (FIG. 8), small amounts of
modified albumin eluting at approximately 39-44 minutes
retention time is evident. Whereas conventional test indi-
cates the presence of <6 mg/1 of albumin in the urine sample,
the method of the invention showed that the true albumin
content in the urine sample was 26.7 mg/1. Treatment for the
discase should have begun on this individual. Albumin
by-products or fragmented albumin is present as in the
normal, healthy volunteer.

[0176] Another urine sample from normoalbuminuric dia-
betic patient (with albumin excretion rate of 17.04 ug/min)
was analyzed (FIG. 9). RIA tests show albumin excreted in
the urine for this patient. However, on HPLC (FIG. 9) an
albumin or modified albumin peak is evident at approxi-
mately 39-44 minutes retention time. Whereas conventional
test indicates the presence of <6 mg/1of albumin in the urine
sample, the method of the invention showed that the true
albumin content in the urine sample was 81.3 mg/l. Treat-
ment for the disease should have begun on this individual.
This peak begins to show a multiple peaked appearance. A
smaller peak corresponding to intact albumin shows that
modified albumin may represent the peak at 39-44 minutes.
The presence of this albumin peak compared with the profile
of a normal, healthy volunteer having no albumin peak
shows a change in the detectable levels of the amount of
intact/modified albumin. This may signal a propensity for a
kidney disease.

[0177] A further urine sample from a normoalbuminuric
diabetic patient (with an albumin excretion rate of 4.37
ug/min) was analyzed, and the HPLC profile is illustrated in
FIG. 10. Again, modified albumin was detected at approxi-
mately 39-44 minutes retention time showing multiple
peaks. This patient again did register normal albumin by
RIA. Whereas conventional test indicates the presence of <6
mg/l of albumin in the urine sample, the method of the
invention showed that the true albumin content in the urine
sample was 491 mg/1. Treatment for the disease should have
begun on this individual. It is clear that modified albumin
assessment is necessary to identify these changes. This
patient would be determined to have a propensity for kidney
discase. As kidney disease progresses, the modified albumin
peak will continue to increase.

[0178] This is shown in FIG. 11 where a urine sample of
a macroalbuminuric patient was analyzed. A quite signifi-
cant albumin peak at approximately 39-44 minutes retention
time showing multiple peaks was evident. The patient’s
albumin content was 1796 mg/l. Treatment for this indi-
vidual is in progress.

[0179] The method of the invention results in early detec-
tion of a propensity for a renal disease as illustrated by the
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longitudinal studies in FIGS. 12-14. FIGS. 12-14 show
situations in which the ACE inhibitor treatment for diabetes
was begun later than it should have had the modified
albumin detection method of the invention been used.
Detecting modified protein using the method according to
the invention is a more effective method for predicting the
onset of a renal disease than using conventional RIA.

Example 5

[0180] FIG. 16 is a schematic diagram illustrating the
manner in which an intact filtered protein may be degraded
by normal functioning kidneys and diseased kidneys.

[0181] FIG. 17 illustrates the HPLC profile of a trypsin
digested sample of albumin that has been filtered through a
30,000 molecular weight cut-off membrane. The filtrate
yields many peaks eluting between 2 to 30 minutes.

[0182] FIG. 18 illustrates the HPLC profile of a control,
normal subject showing many fragments in the eluting range
of 10 to 30 minutes. The HPLC profile of a diabetic patient
with macroalbuminuria (1457 microgram per minute) shows
a significantly different fragment profile in the range of
10-30 minutes.

[0183] FIG. 19 illustrates the HPLC profile of a subject
with renal disease. As compared with FIG. 18, the fragmen-
tation process of filtered proteins is inhibited. The number of
fragments is decreased and the size of the fragments is
increased.

Example 6

[0184] Preparation of Purified or Substantially Purified
Intact Albumin for Antibody Production

[0185] Purified or substantially purified intact protein (in
this case albumin) was prepared for antibody production for
the detection of disease, in this case kidney disease.

[0186] Urine was collected from a diabetic patient who
had kidney disease. The amount of intact albumin in the
urine was found to be 231 mg/L as measured by a conven-
tional immunoassay (immunoturbidimetry) and 326 mg/L as
measured by HPLC. The urine was concentrated through a
filter containing small pores allowing water and small mol-
ecules to be removed from the urine (<50 kDa in size), while
retaining any intact albumin (69 kDa in size). The final
concentration of native albumin in the urine was now 464
mg/L as measured by immunoturbidimetry and 945 mg/L as
measured by HPLC as shown in FIG. 20.

[0187] Native albumin was removed from the concen-
trated urine using affinity chromatography. This involves
coupling a commercially available antibody that detects
native albumin (but not intact albumin) to a special matrix
(cyanogen bromide activated sepharose) under mild condi-
tions to form a bond between the antibody and the agarose
matrix. The urine sample was then applied to the antibody-
agarose matrix and all the native albumin in the sample
binds to the antibody. The unbound intact albumin was then
eluted from the matrix. The concentration of intact albumin
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eluted from the matrix was <6 mg/L as measured by
immunoturbidimetry and 103 mg/L. as measured by HPLC
as shown in FIG. 21.

[0188] Affinity purified intact albumin was further purified
to remove any remaining contaminants using HPLC. The
time taken for native albumin to elute on the HPLC column
was determined. Samples of the affinity purified urine were
then applied to the HPLC and only material eluting at the
same time as the albumin standard was collected. The final
concentration of intact albumin eluted from the HPLC was
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Example 8
[0192] Assay to Test Intact Albumin Antibodies

[0193] An ELISA (enzyme-linked immunosorbent assay
was performed to quantitate the antigen, in this case, intact
albumin. The steps involved in performing an ELISA for
intact albumin are as follows. FIG. 22 is a schematic
diagram showing the first, fourth, fifth and last steps
involved in performing an ELISA for intact albumin.

[0194] First, a 96-well ELISA plate was prepared as set
forth in Table 1.

TABLE 1

12 3 4 5 6 7 8 9 1 1 12
Blank B B B B HSA HSA HSA HSA gAlb gAlb gAlb gAlb
aHSA B B B B HSA HSA HSA HSA gAlb gAlb gAlb gAlb
A751 B B B B HSA HSA HSA HSA gAlb gAlb gAlb gAlb
AT52 B B B B HSA HSA HSA HSA gAlb gAlb gAlb gAlb
241 B B B B HSA HSA HSA HSA gAlb gAlb gAlb gAlb
242 B B B B HSA HSA HSA HSA gAlb gAlb gAlb gAlb
244 B B B B HSA HSA HSA HSA gAlb gAlb gAlb gAlb
Blank BBBB B B B B B B B B

~7.6 mg/L. as measured by HPLC. Finally, HPLC purified
intact albumin was further concentrated to remove water as
described above (point 1) to give a final concentration of
30.8 mg/L. as measured by HPLC.

Example 7
[0189] Preparation of Anti-intact Albumin Antibodies
[0190] To obtain anti-intact protein antibodies (in this case

albumin), animal, in this case rabbits, were repeatedly
exposed to a foreign antigen (in this case intact albumin). As
their immune system recognizes the antigen to be foreign to
the body, it elicits an immune response to produce antibod-
ies, thereby allowing the body to eliminate the foreign
molecule. It is these antibodies that are harvested.

[0191] Urine was collected from a diabetic patient who
had kidney disease. The amount of intact albumin in the
urine was found to be 231 mg/LL as measured by a conven-
tional immunoassay (immunoturbidimetry) and 326 mg/L as
measured by HPLC. The urine was concentrated through a
filter containing small pores to allow water and small
molecules to be removed from the urine (<30 kDa in size)
while retaining any intact albumin (69 kDa in size). The final
concentration of native albumin in the urine was now 786
mg/L as measured by immunoturbidimetry. The concen-
trated urine was placed in dialysis tubing containing small
pores and allowing any small contaminants (<15 kDa in
size) to be removed. The dialyzed sample (antigen) was
mixed with an equal amount of adjuvant (a solution which
helps elicit an antibody response) and the rabbits were
injected under the skin at multiple sites along the back.
Rabbits were repeatedly injected with the antigen-adjuvant
mixture periodically to increase the blood concentration of
antibody. A sample of blood was removed from the ear vein
and tested by ELISA as described below.

[0195] Wells marked ‘HSA’ were coated (bound) with
native albumin. Wells marked ‘gAlb’” were coated with the
purified intact albumin (described above) and wells marked
‘B’ were left blank. The plate was incubated overnight at 4°
C.

[0196] Second, the plate was washed to remove any
unbound material.

[0197] Third, all unreacted sites in the wells were blocked
with skim milk powder, incubated at 37° C. for 1.5 hours,
followed by a wash phase.

[0198] Fourth, the following antibodies were then applied
to the wells of the plate as shown in Table 1.

[0199] oHSA native albumin antibody (Dako)

[0200] A751, A752 intact albumin antibody (Bio-
Source)

[0201] 241,242,244 intact albumin antibody (Biode-
sign)

[0202] Blank rows, indicated as such by “B”, had assay
buffer added. The plate was incubated for 1 hour at 37° C,,
followed by a wash phase.

[0203] Fifth, to determine the amount of intact albumin
antibody bound to the intact albumin, the wells were reacted
with a detection antibody (sheep anti-rabbit IgG), which was
conjugated to alkaline phosphatase to allow for a color
reaction. This was applied to each well and incubated for 1
hour at 37° C., followed by a wash phase.

[0204] Lastly, to enable the color reaction to occur, each
well was reacted with an enzyme substrate (p-nitrophenyl
phosphate) and the intensity of the color reaction was
measured by a plate reader.
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[0205] Results of ELISA for Intact Albumin
TABLE 2
1 2 3 4 5 6 7 8 9 10 11 12
Antigen
Blank Coat Serum Albumin Coat gAlb Coat
Antiserum  BlankO | .161 0.160 0.158 0.160/0158 0.158 0.160 0.160[0.170 0.162 0165 0.165
oHSA [0.181 0.189 0.182 0.189|1.371 1459 1178 1.191|0.627 0.601 0.557 0.534
A751 0178 0.176 0175 0.174|1080 1.030 1.046 1.012]1.148 1.188 1.143 1.183
A752 |0179 0.187 0173 0.320/0.731 0.826 0.805 0.590[1.129 1.149 1.129 1.040
241 [0.171 0.169 0.165 0.166[0.842 1.003 0.811 0.803[0.747 0.773 0.764 0.740
242 [0.187 0.183 0.162 0.177[0.831 0.873 0.794 0.835[0.963 1.093 1.108 1.085
244 [0.175 0176 0.176 0.175[0.990 1.042 0943 0.896]0.996 0.925 0938 0.875
Blank0 | .164 0.162 0.164 0.159[0.162 0.158 0397 0.159]0.161 0.162 0.162 0.163
Averages
Antigen
Blank HSAg Alb
Antiserum  BlankO | .160 0.159 | 0.166
oHSA [0.1851.300 | 0.580
A751 0176 [1.042]1.166
A752 0214 [0.738 | 1.112
241 [0.168]0.865[0.756
242 [0.182]0.833][1.062
244 [0.176]0.968 [ 0.934
Blank0 | .162[0.219 [ 0.162
[0206] The plate reader gives a value for the color inten- a. coupling an antibody that detects native protein to a

sity in each well for the ELISA and the results are shown
above. The higher the number, the greater the binding
between the antigen and antibody. The results for the blank
wells indicate the background color intensity for each well.
The results for the wells incubated with the various anti-
bodies indicate that blood obtained from all rabbits main-
tained by BioSource and Biodesign have significant and
similar binding activity towards both native albumin and
intact albumin. The relatively high reactivity of the com-
mercial native albumin antibody for the intact albumin could
be due to the fact that it was used at 1 part in 1,000 dilution;
a much higher concentration than that used normally for
assay (1 part in 20,000).

[0207] All of the references cited herein are incorporated
by reference in their entirety.

[0208] Finally, it is to be understood that various other
modifications and/or alterations may be made without
departing from the spirit of the present invention as outlined
herein.

1. An isolated intact protein.
2. The intact protein according to claim 1, wherein the
intact protein is obtained by a process comprising:

a. collecting a urine sample;

b. concentrating the sample by removing water and small
molecules from the sample; and

¢. removing native protein from the sample.

3. The intact protein according to claim 2, wherein the
step of concentrating the sample comprises filtering the
sample through a filter having pores sufficiently small to
allow water and molecules to pass while retaining any intact
protein.

4. The intact protein according to claim 2, wherein the
step of removing native protein comprises:

matrix to form an antibody-matrix bond,

b. applying the sample to the antibody-matrix, wherein
the native protein binds to the antibody; and

c. eluting intact protein from the matrix.

5. The intact protein according to claim 4, wherein the
matrix is a cyanogen bromide activated sepharose matrix.

6. The intact protein according to claim 1, wherein the
intact protein is selected from the group consisting of
albumin, o, acid glycoprotein, o, acid antitrypsin, ¢, gly-
coprotein, o, lipoprotein, alpha-1-microglobumin, o, 198
glycoprotein, bence-jones proteins, 3, lipoprotein, {3, trans-
ferrin, 2 glycoprotein, f2 microglobin, ceruloplasmin,
euglobulin, fibrinogen, globulin, glucose oxidase, growth
hormone, haptoglobin, horseradish peroxidase, immunoglo-
bulins A, E, G and M, insulin, lactate dehydrogenase,
lysozyme, myoglobin, protein hormone, pseudoglobulin I
and II, and parathyroid hormone, prealbumin, retinol bind-
ing protein, and tamm horsfall glycoprotein.

7. The method according to claim 6, wherein the intact
protein is albumin.

8. A method for preparing intact protein from a body
sample comprising:

a. collecting a urine sample;

b. concentrating the sample by removing water and small
molecules from the sample; and

¢. removing native protein from the sample.

9. The method according to claim 8, wherein the step of
concentrating the sample comprises filtering the sample
through a filter having pores sufficiently small to allow water
and molecules to pass while retaining any intact protein.

10. The method according to claim 8, wherein the step of
removing native protein comprises:

a. coupling an antibody that detects native protein to a
matrix to form an antibody-matrix bond,
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b. applying the sample to the antibody-matrix, wherein
the native protein binds to the antibody; and

c. eluting intact protein from the matrix.

11. The method according to claim 10, wherein the matrix
is a cyanogen bromide activated sepharose matrix.

12. The method according to claim 8, wherein the intact
protein is selected from the group consisting of albumin, o,
acid glycoprotein, o, acid antitrypsin, ¢, glycoprotein, o,
lipoprotein, alpha-1-microglobumin, o, 19S glycoprotein,
bence-jones proteins, {3, lipoprotein, f3; transferrin, f, gly-
coprotein, [, microglobin, ceruloplasmin, euglobulin,
fibrinogen, globulin, glucose oxidase, growth hormone, hap-
toglobin, horseradish peroxidase, immunoglobulins A, E, G
and M, insulin, lactate dehydrogenase, lysozyme, myoglo-
bin, protein hormone, pseudoglobulin I and II, and parathy-
roid hormone, prealbumin, retinol binding protein, and
tamm horsfall glycoprotein.

13. The method according to claim 12, wherein the intact
protein is albumin.

14-21. (Cancelled)

22. A method for preparing anti-intact protein antibody,
said method comprising:

a. collecting a urine sample from a subject;

b. concentrating the sample by removing water and small
molecules;

¢. removing contaminants from the concentrated sample;
d. mixing the sample of step c. with an adjuvant,

¢. injecting the sample into an animal to elicit an antibody
response;

f. collecting a blood sample from the animal; and

g. isolating anti-intact protein antibody from at least one

blood sample.

23. The method according to claim 22, wherein the step
for concentrating the sample comprises filtering the sample
through a filter containing pores sufficiently small to allow
water and molecules to be removed from the sample while
retaining any intact modified protein.

24. The method according to claim 22, wherein the step
for removing contaminants comprises dialyzing the sample.

25. The method according to claim 24, wherein the
dialysis removes contaminants of less than about 15 kDa.

26. The method according to claim 22, wherein the step
for mixing the sample with an adjuvant comprises mixing
the sample and adjuvant in equal parts.

27. The method according to claim 22, wherein the intact
protein is selected from the group consisting of albumin, o
acid glycoprotein, o, acid antitrypsin, ¢, glycoprotein, o,
lipoprotein, alpha-1-microglobumin, a, 19S glycoprotein,
bence-jones proteins, {3, lipoprotein, f3; transferrin, f, gly-
coprotein, [, microglobin, ceruloplasmin, euglobulin,
fibrinogen, globulin, glucose oxidase, growth hormone, hap-
toglobin, horseradish peroxidase, immunoglobulins A, E, G
and M, insulin, lactate dehydrogenase, lysozyme, myoglo-
bin, protein hormone, pseudoglobulin I and II, and parathy-
roid hormone, prealbumin, retinol binding protein, and
tamm horsfall glycoprotein.

28. The method according to claim 27, wherein the intact
protein is albumin.

29. An isolated monoclonal anti-intact protein antibody.
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30. The anti-intact protein antibody according to claim 29,
wherein the antibody is obtained by a process comprising:

a. collecting a urine sample from a subject;

b. concentrating the sample by removing water and small
molecules;

¢. removing contaminants from the concentrated sample;
d. mixing the sample of step c. with an adjuvant;

e. injecting the sample into an animal to elicit an antibody
response;

f. collecting a spleen cell sample from the animal;

g. fusing the spleen cell sample with immortal myeloma
cells to form hybridoma(s);

h. growing the hybridomas;

1. screening individual hybridomas for antibody produc-
tion of a desired specificity;

j. cloning cells from a hybridoma that makes an antibody
of the desired specificity; and

k. isolating monoclonal anti-intact protein antibody from

the cloned cells.

31. The monoclonal anti-intact protein antibody accord-
ing to claim 30, wherein the step for concentrating the
sample comprises filtering the sample through a filter having
pores sufficiently small to allow water and molecules to be
removed while retaining any intact modified protein.

32. The monoclonal anti-intact protein antibody accord-
ing to claim 30, wherein the step for removing contaminants
comprises dialyzing the sample.

33. The monoclonal anti-intact protein antibody accord-
ing to claim 32, wherein the dialysis removes contaminants
of less than about 15 kDa.

34. The monoclonal anti-intact protein antibody accord-
ing to claim 30, wherein the step for mixing the sample with
an adjuvant comprises mixing the sample and adjuvant in
equal parts.

35. The monoclonal anti-intact protein antibody accord-
ing to claim 30, wherein the step for fusing spleen cells
further comprises polyethylene glycol to fuse spleen cells
with immortal myeloma cells.

36. The monoclonal anti-intact protein antibody accord-
ing to claim 30, wherein the step for growing hybridomas
further comprises a hypoxanthine-aminopterin-thymidine
medium.

37. The monoclonal anti-intact protein antibody accord-
ing to claim 30, wherein the step for screening individual
hybridomas further comprises screening by an enzyme
linked immunosorbent assay.

38. The antibody according to claim 29, wherein the intact
protein is selected from the group consisting of albumin, o
acid glycoprotein, o, acid antitrypsin, ¢, glycoprotein, o
lipoprotein, alpha-1-microglobumin, ¢, 19S glycoprotein,
bence-jones proteins, f3; lipoprotein, f3; transferrin, f, gly-
coprotein, [, microglobin, ceruloplasmin, euglobulin,
fibrinogen, globulin, glucose oxidase, growth hormone, hap-
toglobin, horseradish peroxidase, immunoglobulins A, E, G
and M, insulin, lactate dehydrogenase, lysozyme, myoglo-
bin, protein hormone, pseudoglobulin I and II, and parathy-
roid hormone, prealbumin, retinol binding protein, and
tamm horsfall glycoprotein.
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39. The antibody according to claim 38, wherein the intact
protein is albumin.

40. A method for preparing a monoclonal anti-intact
protein antibody, the method comprising:

a. collecting a urine sample from a subject;

b. concentrating the sample by removing water and small
molecules;

c. removing contaminants from the concentrated sample;
d. mixing the sample of step c. with an adjuvant;

¢. injecting the sample into an animal to elicit an antibody
response;

f. collecting a spleen cell sample from the animal;

¢. fusing the spleen cell sample with immortal myeloma
cells to form hybridomas;

h. growing the hybridomas;

1. screening the hybridomas for antibody production of a
desired specificity;

j. cloning cells that make an antibody of the desired
specificity; and

k. isolating monoclonal anti-intact protein antibody from

the cloned cells.

41. The method according to claim 40, wherein the step
for concentrating the sample comprises filtering the sample
through a filter containing pores sufficiently small to allow
water and molecules to be removed from the sample while
retaining any intact modified protein.

42. The method according to claim 40, wherein the step
for removing contaminants comprises dialyzing the sample.

43. The method according to claim 40, wherein the
dialysis removes contaminants of less than about 15 kDa.

44. The method according to claim 40, wherein the step
for mixing the sample with an adjuvant comprises mixing
the sample and adjuvant in equal parts.

45. The monoclonal anti-intact protein antibody accord-
ing to claim 40, wherein the step for fusing spleen cells
further comprises polyethylene glycol to fuse spleen cells
with immortal myeloma cells.

46. The monoclonal anti-intact protein antibody accord-
ing to claim 40, wherein the step for growing hybridomas
further comprises a hypoxanthine-aminopterin-thymidine
medium.

47. The monoclonal anti-intact protein antibody accord-
ing to claim 40, wherein the step for screening individual
hybridomas further comprises screening by an enzyme
linked immunosorbent assay.

48. The method according to claim 29, wherein the intact
protein is selected from the group consisting of albumin, o,
acid glycoprotein, a, acid antitrypsin, o, glycoprotein, o,
lipoprotein, alpha-1-microglobumin, ¢, 19S glycoprotein,
bence-jones proteins, f§, lipoprotein, f, transferrin, f, gly-
coprotein, [, microglobin, ceruloplasmin, euglobulin,
fibrinogen, globulin, glucose oxidase, growth hormone, hap-
toglobin, horseradish peroxidase, immunoglobulins A, E, G
and M, insulin, lactate dehydrogenase, lysozyme, myoglo-
bin, protein hormone, pseudoglobulin I and II, and parathy-
roid hormone, prealbumin, retinol binding protein, and
tamm horsfall glycoprotein.

49. The method according to claim 48, wherein the intact
protein is albumin.
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50. An assay for detecting the presence of intact protein
in a urine sample, comprising introducing an antibody that
binds selectively to intact protein and determining whether
the antibody binds to a component of the sample.

51. The assay according to claim 50, wherein the antibody
is labeled with a detectable label.

52. The assay according to claim 50, wherein the intact
protein is selected from the group consisting of albumin, o,
acid glycoprotein, o, acid antitrypsin, o, glycoprotein, o,
lipoprotein, alpha-1-microglobumin, ¢, 19S glycoprotein,
bence-jones proteins, {3, lipoprotein, f§, transferrin, p, gly-
coprotein, [, microglobin, ceruloplasmin, euglobulin,
fibrinogen, globulin, glucose oxidase, growth hormone, hap-
toglobin, horseradish peroxidase, immunoglobulins A, E, G
and M, insulin, lactate dehydrogenase, lysozyme, myoglo-
bin, protein hormone, pseudoglobulin I and II, and parathy-
roid hormone, prealbumin, retinol binding protein, and
tamm horsfall glycoprotein.

53. The method of claim 52, wherein the intact protein is
albumin.

54. A method for diagnosing a renal disease and/or renal
complications of a disease in a subject, comprising:

a. collecting a urine sample from the subject;

b. introducing an antibody that binds selectively to intact
albumin;

c. determining whether the antibody binds to a component
of the sample; and

d. correlating detection of intact albumin with the pres-
ence of renal disease and/or complications of a disease.

55. The method according to claim 54, wherein renal
disease and/or renal complications of a discase cause an
increase in the level of intact albumin in the urine of a
subject.

56. The method according to claim 54, wherein the
antibody is labeled with a detectable label.

57. A method for detecting an intact protein from a body
sample comprising:

a. collecting a urine sample;

b. concentrating the sample by removing water and small
molecules from the sample;

c. denaturing the sample; and

d. analyzing the sample for intact protein.

58. The method according to claim 57, wherein the step
of concentrating the sample comprises filtering the sample
through a filter having pores sufficiently small to allow water
and molecules to pass while retaining any protein.

59. The method according to claim 57, wherein the step
of denaturing the sample comprises enzymic or chemical
breakdown of the protein in the sample.

60. The method according to claim 57, wherein the step
of analyzing the sample comprises applying the sample on
a chromatography, electrophoresis or sedimentation appara-
tus to test for intact protein.

61. The method according to claim 57, wherein the intact
protein is selected from the group consisting of albumin, o,
acid glycoprotein, o, acid antitrypsin, o, glycoprotein, o,
lipoprotein, alpha-1-microglobumin, ¢, 19S glycoprotein,
bence-jones proteins, f; lipoprotein, f1 transferrin, f, gly-
coprotein, [, microglobin, ceruloplasmin, euglobulin,
fibrinogen, globulin, glucose oxidase, growth hormone, hap-
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toglobin, horseradish peroxidase, immunoglobulins A, E, G
and M, insulin, lactate dehydrogenase, lysozyme, myoglo-
bin, protein hormone, pseudoglobulin T and IT, and parathy-
roid hormone, prealbumin, retinol binding protein, and
tamm horsfall glycoprotein.

62. The method according to claim 61, wherein the intact
protein is albumin.

63. A method of diagnosing a renal disease and/or renal
complications of a disease in a subject comprising, detecting
the presence of intact protein in a urine sample comprising
the steps of:

a. collecting a urine sample from a the subject;

b. concentrating the sample by removing water and small
molecules from the sample;

c. denaturing the sample; and

d. analyzing the sample for intact protein, where the
presence of intact protein is indicative of renal disease
and/or renal complications of a disease.

64. The method according to claim 63, wherein the step
of concentrating the sample comprises filtering the sample
through a filter having pores sufficiently small to allow water
and molecules to pass while retaining any protein.
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65. The method according to claim 63, wherein the step
of denaturing the sample comprises enzymic or chemical
breakdown of the protein in the sample.

66. The method according to claim 63, wherein the step
of analyzing the step comprises applying the sample on a
chromatography, electrophoresis or sedimentation apparatus
to test for intact protein.

67. The method according to claim 63, wherein the intact
protein is selected from the group consisting of albumin, o,
acid glycoprotein, o, acid antitrypsin, o, glycoprotein, o,
lipoprotein, alpha-1-microglobumin, o, 19S glvcoprotein,
bence-jones proteins, {3, lipoprotein, f, transferrin, f, gly-
coprotein, P, microglobin, ceruloplasmin, euglobulin,
fibrinogen, globulin, glucose oxidase, growth hormone, hap-
toglobin, horseradish peroxidase, immunoglobulins A, E, G
and M, insulin, lactate dehydrogenase, lysozyme, myoglo-
bin, protein hormone, pseudoglobulin I and II, and parathy-
roid hormone, prealbumin, retinol binding protein, and
tamm horsfall glycoprotein.

68. The method according to claim 67, wherein the intact
protein is albumin.
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