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(57) ABSTRACT

The present invention provides methods and kits for detect-
ing and monitoring liver damage in a subject. The methods
and kits rely on the correlation between the presence or
increase in a kallikrein-like peptidase in a sample from the
subject and liver disease. Additionally, the present invention
provides in vivo and in vitro methods for detecting toxicity
of a therapeutic agent. Methods for detecting, diagnosing, or
monitoring liver damage by measuring a panel of compo-
nents, including kallikrein-like peptidase, along with other
blood enzymes and/or complement components are also
provided.
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DIAGNOSTIC MARKERS OF LIVER
DYSFUNCTION

FIELD OF THE INVENTION

[0001] The invention relates generally to methods and kits
for detecting liver dysfunction and more specifically to
measurement of a peptidase or peptidases synthesized in and
secreted from the liver, such as those of the hemostatic and
complement systems, as an indicator of liver damage.

BACKGROUND INFORMATION

[0002] Currently, methods for detecting liver disease rely
on late stage markers that do not identify liver disease before
it is in an advanced stage. This has resulted in a deficiency
in modern healthcare related to liver disease management,
the importance of which is underscored by the fatal nature
of liver disease in many instances. Therefore, there is a need
for improved methods for liver screening, monitoring, and
diagnosis, especially with respect to early stage disease and
damage.

[0003] The magnitude of this need is immense and grow-
ing as more organ transplants are performed. As of the year
2000, there were at least 4,000 liver transplants per year in
the United States. In 1998, there were almost 25,000 deaths
caused by chronic liver disease. Furthermore, there are
estimated to be millions of individuals experiencing a vari-
ety of liver discases from advancing chronic liver disease to
acute toxicity and viral injury. Finally, there are perhaps
even more individuals with various stages of liver disease
that remain undetected. Consequently, a reliable method for
detecting early onset liver damage or monitor progressive
liver damage or repair is needed. Such an assay should find
wide application in research, pharmaceutical product evalu-
ation, development and clinical medicine.

[0004] Results of some studies suggest that complement
components may play a useful role in liver disease detection
or monitoring. However, it has long been known that
complement components C3 and C4 are labile in drawn
blood and in stored plasma samples resulting in an elevation
of the breakdown factors C3 a and C4a versus time. This in
vitro activation of complement is enhanced in certain clini-
cal conditions and is largely responsible for a paucity of
reliable in vivo complement activation data in the literature.
Recently, it has been reported that blood/plasma samples can
be stabilized by adding proteinase inhibitors to prevent the
in vitro conversion of these complement factors'>. How-
ever, the enzyme(s) responsible for in vitro conversion of
complement proteins, mainly C3 and C4, remains uniden-
tified. Therefore, there remains a need to identify the
enzyme(s) responsible for this conversion, and a determi-
nation of whether this enzyme may be a useful component
of a method for detecting and/or monitoring liver disease.

[0005] Inprevious studies, it was observed that conversion
of C3 and C4 in the plasma of some, but not all, orthotopic
liver transplant recipients (LTR) was much greater than that
in plasma of control (non-transplant) individuals. Therefore,
a chromogenic substrate Ac-Ala-Gly-Leu-Thr-Arg-p-nitroa-
nilide (AGLTR-pNA) was designed based on the C4 cleav-
age site, i.e. the C-terminal portion of the C4a molecule®.
This substrate was used to measure the level of in vitro
peptidase activity and to examine specificity of the pepti-
dase(s) in LTR plasma. However, even with the develop-

May 8, 2003

ment of this substrate, the enzyme responsible for cleavage
of this substrate in LTR remains unidentified. Furthermore,
it is not known whether this enzyme may be a useful
component of a method for detecting and/or monitoring liver
disease.

[0006] Tt is known that complement is activated during
acute and chronic bacterial and viral infections. Elevation in
complement activation has been associated with autoim-
mune diseases such as rheumatoid arthritis, systemic lupus
erythematosus sepsis, traumatic injury and multi-organ fail-
ure, as well as extracorporeal blood treatments such as
cardio-bypass blood oxygenation and renal dialysis. Recent
plasma data from organ transplant recipients indicated that
extensive complement activation also occurs both during
acute rejection episodes and when no clinical signs of
rejection are evident. The fact that many LTR plasma
exhibited high levels of in vitro complement activation
indicated that these plasma represent a source for the
complement converting proteinase(s). However, this pro-
teinase(s) remains unidentified.

[0007] Tt has also been shown that the contact system of
coagulation is activated immediately after graft revascular-
ization in LTR, but this data only included the first one-
hundred minutes after reperfusion of the organ. In a pre-
liminary report, marked peptidase activity was demonstrated
in plasma obtained from clinically stable LTR months and
even years after the organ had been transplanted. However,
the peptidase responsible for this activity as well as the
relationship of this peptidase with the complement convert-
ing enzyme discussed above remains unidentified.

[0008] The present invention utilizes the characterization
and identification of the enzyme responsible for at least
some of the peptidase activity in LTR, to develop improved
methods for detecting and monitoring liver disease. Surpris-
ingly, the peptidase activity described herein, using the C4
analog substrate described above and a number of commer-
cial proteinase substrates, is not the complement converting
enzyme.

SUMMARY OF THE INVENTION

[0009] The present invention provides a solution to the
longstanding need for improved methods for detecting,
monitoring, and diagnosing liver damage resulting from a
variety of causative factors. The invention is based on the
seminal discovery of unexpectedly high levels of a plasma
kallikrein-like peptidase in subjects with liver damage as
compared to subjects not having liver damage. Levels of this
peptidase are elevated in subjects suffering from at least
certain forms of liver disease, including recurrent hepatitis C
virus (HCV) infection. Additionally, mannan binding serine
protease (MASP) levels, as well as certain other complement
components, appear to be elevated as a result of at least some
forms of liver disease. Given the initial observation of the
elevated kallikrein-like peptidase level in subjects with liver
damage, one of skill in the art would be able to detect the
level of other components of the hemostatic system, both
upstream and downstream from kallikrein-like peptidase,
€.g., kallikrein, which would also naturally be elevated upon
activation of other components of the coagulation cascade.

[0010] The methods and kits of the present invention are
useful for monitoring and diagnosing various liver diseases,
including early stage tissue injury/organ rejection, certain



US 2003/0087316 Al

forms of viral infection, drug toxicity, and alterations in liver
function. The methods provide information not currently
available in the clinical arena, and are rapid and reproduc-
ible, and less expensive than current methodologies. The
methods and kits of the present invention detect and monitor
tissue injury/pathology at an earlier stage of development
than is currently detectable using conventional methods. The
methods and Kkits are especially useful to evaluate therapeu-
tic agents and drugs for their toxicity with respect to liver
damage in particular. The early detection of liver disease by
the methods of the present invention permits earlier clinical
intervention if adverse reactions do occur. Knowledge of
early stage organ injury should result in improved treatment
modes and reduced overall costs.

[0011] In one aspect, the present invention provides a
method for detecting liver damage in a subject by contacting
a sample from the subject with a kallikrein-like peptidase
detection reagent or a detection reagent that identifies a
component of the hemostatic and complement systems, e.g.,
thrombin, that would also be elevated due to activation of
the cascade. For purposes of discussion, the invention is
described in particular with respect to a kallikrein-like
peptidase, e.g., kallikrein, but it is understood that other
hemostatic and complement systems components are also
included. Interaction of plasma kallikrein-like peptidase in
the sample with the plasma kallikrein-like peptidase detec-
tion reagent is indicative of liver damage in the subject. In
preferred embodiments, the kallikrein-like peptidase is kal-
likrein. The kallikrein-like peptidase detection reagent may
be a substrate cleaved by kallikrein or a kallikrein binding
reagent, e.g., an antibody, for example, or an active site-
reactive reagent, for example a low molecular weight pep-
tide chloromethylketone to which a moiety suitable for
detection of the reacted kallikrein-like enzyme is attached
(Bock, PE, Thioester peptide Chloromethyl ketones-
:reagents for active site-selective labeling of serine protein-
ases with spectroscopic probes, Methods Enzymol, 222:478,
1993).

[0012] In certain preferred embodiments, the sample is
also contacted with an alpha-2-macroglobulin detection
reagent. The assay may detect, for example, kallikrein bound
to alpha-2-macroglobulin; free kallikrein/prekallikrein; both
bound and free kallikrein; or only prekallikrein. Further, the
methods of the invention may include further contacting a
sample with a C1 inhibitor detection reagent, an alpha 1
antitrypsin detection reagent, an antithrombin detection
reagent, or any combination thereof.

[0013] For certain embodiments wherein the kallikrein-
like peptidase detection reagent is a substrate and the
kallikrein-like peptidase is kallikrein, the kallikrein-like
peptidase detection reagent comprises a peptide with a tri,
tetra or penta peptide amino acid sequence, e.g. YZR,
XYZR, WXYZR, for example, AGLTR, bound to a detect-
able moiety. Preferably, the P1, or C-terminal position of the
peptide sequence is an Arg residue (R). Peptides useful as
peptidase detection reagents include those as described in
U.S. Pat. No. 4,016,042, herein incorporated by reference.
For example, peptides include a synthetic substrate having
the structure R1-Pro-X—Y—NH—R?2, wherein R1 is a
blocking group, —NH—R?2 is a chromogenic or fluorescent
group, X represents a phenylalanyl, beta-cyclohexylanyl,
phenylglycyl or tyrosyl group, and Y represents a protonized
arginyl or lysyl group, is disclosed. This substrate is useful
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for the quantitative determination of proteolytic enzymes of
class E.C. 344, except thrombin and thrombin-like
enzymes. Also included are commercially available sub-
strates that are relatively kallikrein specific, such as H-D-
But-Cyclohexylalanyl-Arg-pNA or H-D-Pro-Phe-Arg-pNA,
for example. pNA could be replaced by a fluorophore, or a
moiety detectable by an antibody in an immunoassay, for
example.

[0014] In certain preferred embodiments, the method fur-
ther involves contacting the sample with a C4a detection
reagent, wherein elevated levels of C4a is indicative of
autoimmune liver damage.

[0015] In another aspect, the present invention provides a
kit having a first container containing a kallikrein-like
peptidase detection reagent. The kit may optionally have a
second container containing an alpha-2-macroglobulin
detection reagent, and/or a second container containing the
C4a detection reagent for example.

[0016] In another aspect, the invention provides a method
for monitoring the progression of liver damage in a subject.
The method compares changes in kallikrein-like peptidase
levels in a sample over time, using a kallikrein-like pepti-
dase detection reagent over time intervals. In this monitoring
aspect of the invention, a change in the relative quantity of
the kallikrein-like peptidase is indicative of a change in liver
damage state.

[0017] In another aspect, the present invention provides a
method for detecting kallikrein in a sample by contacting the
sample with an isolated peptide having an amino acid
sequence consisting essentially of, or consisting of, the
sequence AGLTR, with a detectable, e.g., chromogenic,
moiety bound at the arginine residue. In certain preferred
embodiments, the chromogenic moiety is pNA.

[0018] In another aspect, the present invention provides a
method for determining toxicity of an agent, e.g., a drug, in
a subject utilizing a kallikrein-like peptidase detection
reagent. Kallikrein-like peptidase levels in the sample are
determined using the kallikrein-like peptidase detection
reagent. An elevated kallikrein-like peptidase level as com-
pared to a control, non-treated sample, indicates toxicity of
the agent.

[0019] In another aspect, the present invention provides a
panel of assays including a kallikrein-like peptidase detec-
tion assay, for use in detecting, diagnosing, and/or monitor-
ing liver disease. In preferred embodiments, the kallikrein-
like peptidase detection assay is a kallikrein detection assay.
The assay panel provides a greater understanding of the
types and stages of disease, along with an improved ability
to detect, diagnose, and monitor liver disease, as discussed
above for other aspects of the invention. In certain preferred
embodiments, the panel assay combines the data for comple-
ment activation as a window on various types of immune
injury and kallikrein and/or prekallikrein measurements as a
window of injury produced by certain types of viral infec-
tions. In preferred embodiments, the measurements of the
panel are performed at one time, most preferably using an
automated instrument.

[0020] In general, this aspect of the invention provides a
method for detecting liver damage in a subject by contacting
a sample from the subject with a series of detection reagents
that are specific for each member of a liver damage panel
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that includes a reagent for kallikrein-like peptidase. Prefer-
ably, the kallikrein-like peptidase is kallikrein. Furthermore,
the panel typically includes detection reagents for one or
more complement components. An elevated level of one or
more members of the liver damage panel is indicative of
liver damage in the subject.

[0021] 1In another aspect, the present invention provides an
in vitro method for screening a therapeutic agent for toxicity.
The method involves determining the level of kallikrein-like
peptidase, preferably kallikrein, in an in vitro assay after
incubating cultured cells, e.g., hepatocytes, in the presence
of the therapeutic agent. The presence of kallikrein-like
peptidase levels, are determined using a kallikrein-like pep-
tidase detection reagent. Preferred embodiments of this
aspect of the invention are described above for the section
describing methods of the present invention for detecting
liver damage.

BRIEF DESCRIPTION OF THE FIGURES

[0022] FIG. 1 is a graph of AGLTR-pNA hydrolyzing
activities determined in EDTA plasma samples from 16 LTR
and 16 non-transplant donors (NTD). The EDTA plasma
samples were diluted 10-fold with TBS-EDTA and activity
was determined by reading at 405 nm after incubation at 37°
C. for 15 min. Each point is the average of values deter-
mined in duplicate wells. LTR and NTD proteinase levels
differed at a statistical significance of P<0.01 using the
Mann-Whitney U-test.

[0023] FIG. 2 is a graph of AGLTR-pNA hydrolyzing
activity measured in LTR (panel A) and in NTD (panel B)
plasma samples versus time at 37° C. The LTR (n=16)
samples were diluted 10-fold in TBS-EDTA and the NTD
(n=14) samples were undiluted. Each point represents an
average value from duplicate determinations at the specified
time points. Trypsin (16 nM) was used as a positive control.

[0024] FIG. 3 is a plot of the AGLTR-pNA hydrolyzing
activity in the LTR samples after 15 min at 37° C. versus the
C4a concentrations (i.e. C4 converting activity) in EDTA
plasma samples from the same LTR samples (n=15). Each
value represents an average of duplicate measurements. No
correlation was observed between the peptidase activity and
the C4a levels in these LTR plasmas.

[0025] FIG. 4 is an absorbance profile of Gel filtration
samples of a LTR plasma separated on a Sephacryl S-300
column. The fractions from the column were incubated with
substrates at 37° C. for 15, 35 and 45 min prior to measuring
the OD at 405 nm. Elution profiles for the protein (OD 280
nm) and peptidase activity is shown. Substrates AGLTR-
pNA, S2288, and S2302 were used.

[0026] FIG. 5 is an absorbance profile of Gel filtration
samples of NTD plasma separated on a Sephacryl S-300
column. The fractions were incubated with substrates at 37°
C. for 15,80 and 180 min prior to measurement of OD at 405
nm. Elution profiles for the protein (OD 280 nm) and
peptidase activity are shown. Substrates AGLTR-pNA and
52288 were used.

[0027] FIG. 6 is a graph of an immuno-dot blot and
double-immunodiffusion analysis of the gel filtration frac-
tions of LTR plasma. Plasma kallikrein was detected in each
fraction by immuno-dot blot and expressed as relative
intensity (-0-). The o2M, C1INH and AT III were detected
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in each fraction by double-immunodiffusion. The thickness
of the bar indicates the relative intensity of the immunore-
action (from =, thin line to ++4+, thick line). The peptidase
activity was detected using the substrate AGLTR-pNA and
is indicated by solid circles (-@-).

[0028] FIG. 7 is a series of bar graphs of protease activity
of various proteinases at 10 nM incubated with three dif-
ferent substrates at 37° C. for 15 min. Plasma kallikrein and
trypsin cleaved AGLTR-pNA relatively efficiently, but nei-
ther Cls nor any of the other proteinases efficiently cleaved
this substrate. All of the substrates were hydrolysed by
plasma kallikrein and trypsin, while thrombin preferred
52288 over either AGLTR-pNA or S2302.

[0029] FIG. 8 is a series of bar graphs of proteinase
activity where the thrombin inhibitor hirudin was used to
attempt to inhibit the proteinase in TR plasma. The plasma
was incubated with 50 U/ml hirudin and assayed using the
substrate AGLTR-pNA versus time at 37° C. Although
thrombin was effectively inhibited by hirudin, the peptidase
activity in LTR plasma was not.

[0030] FIG.9 s a photograph of an immunoblot of plasma
kallikrein and plasma kallikrein-inhibitor complexes in
plasma. Lane 1, plasma kallikrein (100 nM); lane 2, plasma
kallikrein (100 nM) was incubated with C1INH (200 nM) at
RT for 30 min; lane 3, plasma kallikrein (100 M) was
incubated with alpha-2-macroglobulin (500 nM) at RT for
30 min; lane 4, NTD plasma; lane 5, LTR plasma. The
numbers to the left of the gel represent mol wt standards in
kD.

[0031] FIG. 10is a photograph of SDS PAGE analysis of
cleavage of C4 by various purified enzymes. A constant
concentration of C4 (1 uM) was incubated with 40 oM of
each enzyme for 60 min at 37° C. The C4 was analyzed by
10% SDS-PAGE under reducing conditions. Lane 1, mark-
ers; lane 2, no enzyme (C4 only); lane 3, C1s with 10 mM
EDTA,; lane 4, Cls with 10 mM CaCl,; lane 5, C1s with 10
mM CaCl, and 10 mM MgCl,; lane 6, plasma kallikrein
with 10 mM EDTA; lane 7, plasma kallikrein with 10 mM
CaCl,; lane 8, plasma kallikrein with 10 mM CaCl, and 10
mM MgCL,.

[0032] FIG. 11 is a graph illustrating the relationship
between recurrence of HCV and the peptidase activities in
EDTA plasmas from LTR. LTR were divided into the
recurrence positive and negative groups. The values for the
Peptidase activity shown in FIG. 1 were used. The Mann-
Whitney U-test was used for statistical analysis.

DETAILED DESCRIPTION OF THE
INVENTION

[0033] The present invention provides methods for detect-
ing liver disease in a sample from a subject. The methods
rely on the correlation between the presence or increase in
a kallikrein-like peptidase and liver disease. The methods
detect or measure kallikrein-like peptidase by detecting
interactions between kallikrein-like peptidase and a kal-
likrein-like peptidase detection reagent. It should be under-
stood that the invention methods are also useful for detection
of components that are synthesized in the liver or derived by
activation processes from proteins synthesized in the liver.
Such components include, from coagulation, thrombin(pro-
thrombin), factor Xa(factor X), factor IXa(factor IX), factor
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Xla(factor XI), factor XIla(factor XII), factor VIla(factor
VII), activated protein C(protein C) as well as kallikrein-
(prekallikrein); from fibrinolysis, plasmin(plasminogen). In
a particular illustrative example, the invention methods
utilize kallikrein for detection of liver damage.

[0034] The Kkallikrein-like peptidase detected by the
method of the present invention is identified by its peptidase
activity or presence in the plasma of certain liver transplant
patients, especially those with recurrent viral infection, as
illustrated in the Examples section below. In a particular
Example provided herein, the peptidase activity of the
kallikrein-like peptidase cleaved a synthetic substrate,
AGLTR-pNA, to release a chromogenic pNA moiety. Addi-
tionally, the peptidase activity is present in molecular com-
plexes of about 100-2000 kDa. The activity of the kallikrein-
like peptidase detected by the present invention is
substantially inhibited by PPACK II, inhibited partially by
CINH, but not inhibited by hirudin. Unless otherwise indi-
cated, the term “kallikrein-like peptidase” in the present
specification refers to the peptidase with the activity and
characteristics described above.

[0035] As exemplified in the Examples section, one
coagulation cascade component, a peptidase detected by the
kits and methods of the present invention, is a kallikrein-like
peptidase, preferably kallikrein. Plasma kallikrein is a serine
protease involved in blood coagulation and a variety of other
processes as well. Kallikrein cleaves high molecular weight
kininogen (HMWK) to form bradykinin, a potent vasodila-
tor and endothelial cell activator.

[0036] Kallikrein is found in plasma in a precursor form as
well as a complexed form. Prekallikrein, the precursor of
kallikrein, is a glycoprotein comprised of a single polypep-
tide chain with a molecular weight of 80,000 Da. Kallikrein
consists of 2 disulfide bonded chains of 43,000 and 33,000-
36,000 Da. The light chain of kallikrein contains the enzy-
matic domain while the heavy chain appears to be required
for surface dependent activation of coagulation. The
sequence of human plasma kallikrein is known (See NCBI
Accession P03951, herein incorporated by reference).

[0037] Kallikrein binds to a number of proteins. In blood,
most prekallikrein circulates bound to high molecular
weight kininogen (HMWK). Additionally, kallikrein com-
plexes with other proteins, for example, with C1INH to form
kallikrein-C1INH complexes, and with alpha-2-macroglo-
bulin to form kallikrein-alpha-2-macroglobulin complexes
as described in further detail below.

[0038] The methods of the present invention may be used
to analyze liver damage in a subject. Typically, the subject
is an animal, in certain preferred embodiments, a mammal,
for example, a human. The assay is particularly effective in
situations where the subject is at risk for developing liver
disease, for example, where the subject is infected with a
hepatitis virus.

[0039] Liver disease is any disease, disorder, or damage
that causes the liver or liver cells, e.g., hepatocytes or
endothelial cells, to function improperly or cease function-
ing. Traditionally, late stage liver disease is detected by
abnormal liver function tests. Liver diseases include, but are
not limited to the following: liver abscess, liver cancer,
either primary or metastatic, cirrhosis, such as cirrhosis
caused by the alcohol consumption or primary biliary cir-
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rhosis, amebic liver abscess, autoimmune hepatitis, biliary
atresia, coccidioidomycosis disseminated, delta agent (hepa-
titis d), hemochromatosis, hepatitis a, hepatitis b, hepatitis c,
or other hepatitis virus, hepatocellular carcinoma, pyogenic
liver abscess, Reye’s syndrome, sclerosing cholangitis, Wil-
son’s disease, drug induced hepatotoxicity, and fulminant or
acute liver failure. In certain preferred embodiments, the
liver damage detected by the methods of the present inven-
tion is the result, at least in part, of recurrent HCV infection.

[0040] The assays of the present invention utilize a kal-
likrein-like peptidase detection reagent. In preferred
embodiments, the kallikrein-like peptidase detection reagent
is a kallikrein detection reagent. The kallikrein detection
reagent can be virtually any reagent useful for detecting a
protein and/or peptidase enzyme activity, many of which are
known in the art. Typically, the kallikrein detection reagent
is a substrate for kallikrein enzymatic activity or a kal-
likrein-binding reagent, such as an anti-kallikrein antibody.

[0041] In embodiments where the detection agent is an
antibody, methods of detection include immunoassays,
which are well known in the art. Virtually any format of
immunoassay can be used with the invention methods
wherein the kallikrein-like peptidase is at least one of the
components detected. Preferably, the immunoassay is per-
formed on an automated analyzer such as, but not limited to,
a Luminex 100 (Luminex, Austin, Tex.).

[0042] Antibodies, especially monoclonal antibodies, that
specifically recognize kallikrein in both a free and com-
plexed form (e.g. 13G11, available from QED Biosciences
Inc., San Diego, Calif.) (27 and 28), or recognize only
prekallikrein (Enzyme Research Labs, Inc., South Bend,
Ind.) are available commercially. Methods for generating
antibodies specific for free kallikrein, prekallikrein, or com-
plexed kallikrein are known in the art or can be generated by
standard methods. Monoclonal antibodies are made from
antigen containing fragments of the protein by methods well
known to those skilled in the art (Kohler, et al., Nature,
256:495, 1975). The term antibody as used in this invention
is meant to include intact molecules as well as fragments
thereof, such as Fab and F(ab'),, Fv and SCA fragments
which are capable of binding an epitopic determinant on
kallikrein or other coagulation cascade component to be
detected.

[0043] In embodiments in which the kallikrein-like pep-
tidase detection reagent is a substrate, interaction of the
substrate with the kallikrein-like peptidase is detected by
detecting cleavage of the substrate. For example, the sub-
strate may include a chromogenic moiety attached to a
peptide substrate by a bond that is cleaved by the kallikrein-
like peptidase.

[0044] Inone EXAMPLE provided herein, a substrate that
is an isolated peptide consisting essentially of the sequence
AGITR, most preferably consisting of the sequence
AGLTR, bound at the arginine residue to a chromogenic
moiety is utilized. For certain embodiments wherein the
kallikrein-like peptidase detection reagent is a substrate and
the kallikrein-like peptidase is kallikrein or other peptidase,
the kallikrein-like peptidase detection reagent comprises a
peptide with a tri, tetra or penta peptide amino acid
sequence, e.g. YZR, XYZR, WXYZR, for example,
AGLTR, bound to a detectable moiety. Preferably, the PI, or
C-terminal position of the peptide sequence is an Arg residue
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(R). Peptides useful as peptidase detection reagents include
those as described in U.S. Pat. No. 4,016,042, herein incor-
porated by reference. For example, peptides include a syn-
thetic substrate having the structure R1-Pro—X—Y—NH—
R2, wherein R1 is a blocking group, —NH—R2 is a
chromogenic or fluorescent group, X represents a phenyla-
lanyl, beta-cyclohexylanyl, phenylglycyl or tyrosyl group,
and Y represents a protonized arginyl or lysyl group, is
disclosed. This substrate is useful for the quantitative deter-
mination of proteolytic enzymes of class E.C. 3.4.4., except
thrombin and thrombin-like enzymes. Also included are
commercially available substrates that are relatively kal-
likrein specific, such as H-D-But-Cyclohexylalanyl-Arg-
pNA or H-D-Pro-Phe-Arg-pNA, for example. pNA could be
replaced by a fluorophore, or a moiety detectable by an
antibody in an immunoassay, for example.

[0045] “Consisting essentially of the sequence” means
that the peptide may have a sequence that includes any tri,
tetra or penta peptide for example, such as, AGLTR, and/or
may include additional amino acid residues, provided that
the sequence is not the entire sequence of complement
component C4, and provided that the sequence retains the
ability to be cleaved by kallikrein or other peptidase as
described herein. The term “isolated” peptide refers to is
intended a peptide molecule which is free of other proteins,
lipids, nucleic acid and other molecules and has been
removed from its native environment. For example, pre-
ferred isolated peptides used as substrates in the methods of
the present invention are synthetically produced, as is
known in the art. A number of available FMOC peptide
synthesis systems are available. For example, assembly of a
polypeptide or fragment can be carried out on a solid support
using an Applied Biosystems, Inc., Model 431 A automated
peptide synthesizer. Such equipment provides ready access
to the peptides of the invention, either by direct synthesis or
by synthesis of a series of fragments that can be coupled
using other known techniques. Accordingly, methods for the
chemical synthesis of polypeptides and peptides are well-
known to those of ordinary skill in the art, e.g., peptides can
be synthesized by solid phase techniques, cleaved from the
resin and purified by preparative high performance liquid
chromatography (sce, ¢.g., Creighton, 1983, Proteins: Struc-
tures and Molecular Principles, W. H. Freeman & Co., N.Y,,
pp- 50-60). The composition of the synthetic peptides can be
confirmed by amino acid analysis or sequencing; e.g., using
the Edman degradation procedure (see e.g., Creighton, 1983,
supra at pp. 34-49). Thus, fragments of the cleavage site,
functional variants, or mutants can be chemically synthe-
sized.

[0046] Many detectable labels, reporters, moieties are
known in the art and can be used with the invention peptides
provided that they can be attached to the peptide with a bond
that is cleavable by a peptidase such as kallikrein. For
example, the detectable moiety may be chromogenic, fluo-
rogenic, or luminescent, or may be a member of a specific
binding pair, a substance detectable by an antibody in any of
the known immunoassay methods. There are many different
labels and methods of labeling known to those of ordinary
skill in the art. Examples of the types of labels which can be
used in the present invention include enzymes, radioiso-
topes, fluorescent compounds, colloidal metals, chemilumi-
nescent compounds, phosphorescent compounds, and biolu-
minescent compounds. Those of ordinary skill in the art will
know of other suitable labels for binding to the peptide or to
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an antibody, or will be able to ascertain such, using routine
experimentation. In one embodiment, the chromogenic moi-
ety is p-nitroanilide (referred to herein as pNA).

[0047] In certain embodiments, the kallikrein-like pepti-
dase level is determined, or the presence or absence of the
kallikrein-like peptidase is determined, by comparing kal-
likrein-like peptidase level of the sample with a kallikrein-
like peptidase level of a control containing no kallikrein-like
peptidase. In other embodiments, the kallikrein-like pepti-
dase level is determined by comparing the amount of
kallikrein-like peptidase bound to a kallikrein-like protease
detection reagent with that of one or more of a series of
standards containing known amounts of kallikrein or kal-
likrein-like protease. Assay strategies using controls and/or
standards are well known in the art.

[0048] Typically, samples analyzed using the methods of
the present invention are blood-based samples. Preferably,
the blood-based samples are plasma samples. Methods for
obtaining plasma samples from blood samples are well
known in the art. For example, plasma may be isolated from
whole blood samples using EDTA tubes (Venoject; Terumo
Corp., Elkton, Md.) as illustrated in the Examples section.
The plasma samples may be either processed immediately
for analysis or stored at —=70° C. Frozen samples are typically
thawed at 4° C. prior to analysis.

[0049] As indicated in the Examples provided hereinafter,
in certain preferred embodiments of the present invention,
kallikrein is detected bound with alpha-2-macroglobulin. In
certain preferred embodiments, methods of the present
invention detect kallikrein associated with alpha-2-macro-
globulin separately from prekallikrein or other forms of
kallikrein that are not associated with alpha-2-macroglobu-
lin. Such assays may be designed using methods that are
well known in the art. For example, while not intended to be
limiting, antibodies that specifically recognize alpha-2-mac-
roglobulin are known in the art and available commercially
(e.g. Enzyme Research Labs, Inc. South Bend, Ind.). Alpha-
2-macroglobulin is well-known in the art. Other inhibitors
that may be bound to kallikrein, for example, and detected
include alpha-2-macroglobulin, C1 or alpha-1 antitrypsin
inhibitor.

[0050] In certain embodiments, the methods of the present
invention include one or more kallikrein-like peptidase
inhibitor. These methods are expected to increase the accu-
racy of the methods of the present invention. In methods in
which inhibitors are used, the sample is typically divided
into a first portion and a second portion before contacting a
sample with a substrate. A kallikrein-like peptidase inhibitor,
preferably a kallikrein peptidase inhibitor, is then added to
the first portion of the sample before contacting the sample
with the substrate. Confirmation that the measured peptidase
activity is the activity of kallikrein-like peptidase identified
in the present specification, is provided by a diminished
level of kallikrein-like peptidase activity in the first portion,
which contains the kallikrein-like peptidase inhibitor. This
inhibitor preferentially inhibits kallikrein-like peptidase
over other blood peptidases, and preferably is specific for
kallikrein-like peptidase, and/or in preferred embodiments,
kallikrein peptidase activity. In certain preferred embodi-
ments, the kallikrein peptidase inhibitor is SBTI, aprotinin,
or preferably PPACK II.

[0051] In another aspect, the present invention is useful
for monitoring liver dysfunction or disease. The methods are



US 2003/0087316 Al

similar to those described above for detecting liver disease
except that the test is performed repeatedly over time
intervals. Values obtained for the kallikrein-like peptidase or
kallikrein peptidase may be compared between timepoints to
assess the status of liver disease in a subject. Alternatively,
the value at each timepoint may be analyzed independently
related to a threshold level indicating the presence of liver
disease. More specifically in these embodiments the abso-
lute or relative quantity of kallikrein-like peptidase in a first
sample and a second sample are compared by determining
interaction of the kallikrein-like peptidase with the kal-
likrein-like peptidase detection reagent in the samples. A
change in the absolute or relative quantity of the kallikrein-
like peptidase is indicative of a change in liver disease state.

[0052] In preferred embodiments, the present invention
provides a method for determining toxicity of a therapeutic
agent or drug in a subject by contacting a sample from the
subject with a kallikrein-like peptidase detection reagent and
determining a kallikrein-like peptidase level in the sample.
The presence or relative quantity of kallikrein-like peptidase
provides information regarding toxicity of the therapeutic
agent.

[0053] Although toxicity testing using the methods of the
present invention is useful in assessing the toxicity of an
agent to a subject, the methods are particularly useful in
improving toxicity testing of new or previously untested
therapeutic agents, for example, during clinical trials. In
certain preferred embodiments, the methods are used ini-
tially to test toxicity of a therapeutic agent in animals,
especially those of a mammalian species other than humans.
If acceptable, non-toxic reports are generated in animals, the
methods are then typically used in early phase human
clinical trials. Thus, the methods of the present invention
provide an earlier and more sensitive detection of toxicity of
a therapeutic agent.

[0054] Preferred embodiments of the toxicity test methods
of the present invention differentiate liver damage due to
toxicity from liver damage having an immunological etiol-
ogy. The invention methods may detect liver damage by
detecting and/or measuring kallikrein-like peptidase using
the methods of the present invention described above, in
combination with an assay that measures levels of certain
complement components, particularly C3a and C4a in com-
bination. Methods for determining complement component
levels are known in the art. The Examples section of the
present specification provides non-limiting examples of a
method for measuring C3a levels (further, see U.S. Pat. No.
0,235,494, herein incorporated by reference). Preferably,
methods are used that simultaneously measure the kal-
likrein-like peptidase and one or more complement compo-
nents, especially C3a and C4a. The panel testing section
below, describes methods, as are known in the art, for
simultaneously measuring the levels of several blood ana-
lytes.

[0055] In one embodiment, elevated levels of kallikrein-
like peptidase indicate liver damage due to toxicity, whereas
elevated levels of complement components indicate an
immunological basis of liver disease. These embodiments
will help to assure that toxic agents are identified, while
agents that are being evaluated while a patient develops an
unrelated immunologically-induced liver disease are not
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necessarily identified as toxic. Therefore, the present meth-
ods provide tremendous benefits to the development of safe
therapeutic agents.

[0056] Embodiments for toxicity testing utilizing levels of
the kallikrein-like peptidase identified in the present speci-
fication, are similar to those described above. The methods
for toxicity testing are similar to those described above
except that samples analyzed typically include at least one,
and preferably a series of samples taken from a subject at
different time points after a therapeutic agent has been
administered to the subject. Toxicity testing by methods of
the present invention utilizes the monitoring methods of the
present invention. In certain preferred embodiments, the
therapeutic agents are pharmaceutical compounds.

[0057] In another aspect, the present invention provides
kits for carrying out the methods of the present invention.
Optionally, the kit includes an instruction manual for car-
rying out the methods and a carrier for holding and trans-
porting a first container containing a kallikrein-like pepti-
dase detection reagent, such as a peptide as described above,
or an antibody that binds to kallikrein-like peptidase. In
certain preferred embodiments the kallikrein-like peptidase
is plasma kallikrein. The kit may include a second container
containing another reagent that is used for certain preferred
embodiments of the methods of the present invention. For
example, the kit may include a second container with an
alpha-2-macroglobulin detection reagent, a C4a detection
reagent, a control comprising kallikrein-like peptidase, a
kallikrein/alpha-2-macroglobulin complex control, an active
site reactive reagent such as a peptide chloromethylketone,
or a Kallikrein-like peptidase control in a form effective for
interacting or competing with the kallikrein-like peptidase
for a detection or binding reagent. Preferably when C3a or
C4a detection reagents are utilized, they are used together in
combination to provide a more discriminating result.

[0058] 1In another aspect, the present invention provides in
vitro methods for determining toxicity of a drug or thera-
peutic agent. For methods of this aspect of the invention,
liver cells, e.g., hepatocytes or endothelial cells, are incu-
bated in cell culture medium under conditions in the pres-
ence of the drug or agent for a time sufficient to allow the
drug or agent to interact with the cells. Effective culture
conditions include, but are not limited to, effective media,
temperature, pH, and oxygen conditions wherein liver cells
secrete kallikrein-like peptidase in the presence of a drug or
therapeutic agent that causes liver damage or liver dysfunc-
tion.

[0059] Liver cells for this aspect of the invention include
any liver cell which produces kallikrein-like peptidase or
kallikrein when exposed to drugs or therapeutic agents that
may exhibit a toxic effect on such cells. Methods for
culturing primary liver cells and liver cell lines are known in
the art. Mammalian liver cell lines are commercially avail-
able (American Type Culture Collection, Manassus, Va.).

[0060] The cell culture medium utilized for this aspect of
the invention is an effective medium. An effective medium
refers to any medium in which a liver cell performs funda-
mental processes and proliferates if the cell is not fully
differentiated. Such medium typically includes an aqueous
medium having carbon, nitrogen and phosphate sources, and
appropriate salts, minerals, metals and other nutrients, such
as vitamins. Additionally, such medium typically includes
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serum or a source of required serum factors. Where serum is
used in the tissue culture medium, such serum should
preferably be prekallikrein or plasma kallikrein-deficient or
free so as not to adversely affect results of the method. One
of skill in the art would understand that the culture media
utilized for in vitro methods of the invention should be
substantially free of other interfering proteinases or protein-
ase precursors or treated to remove or inactivate proteinase
or proteinase precursors deleterious to the performance of
the method of the invention.

[0061] Commercial sources of liver cell lines typically
include information regarding suggested cell culturing con-
ditions and media.

[0062] Cells of the present invention can be cultured in
virtually any standard tissue culture container, especially
microtiter dishes for screening many on-test therapeutic
agents in the same experiment. Culturing can be carried out
at a temperature, pH, and oxygen conditions appropriate for
a recombinant cell. Such culturing conditions are within the
expertise of one of ordinary skill in the art. Preferred host
cells are described above.

[0063] After culturing the liver cells in the presence of the
toxic compound the sample cell culture medium is collected
using standard culture medium collection techniques,
thereby separating the sample cell culture medium from the
cells. This separation may be carried out utilizing the
adhesion of cells to tissue culture containers onto which the
cells have adhered during culture, or by utilizing gravity or
centrifugation to pellet the cultured liver cells, as is known
in the art. The phrase “collecting the sample cell culture
medium”, as well as similar phrases, refers to collecting the
whole medium which may contain kallikrein-like peptidase.
Kallikrein-like peptidase typically need not be further
enriched or purified for the in vitro methods of the present
invention.

[0064] The final steps for in vitro toxicity testing methods
of the present invention involve contacting the sample cell
culture medium with a kallikrein-like peptidase detection
reagent, and detecting interaction of kallikrein-like pepti-
dase in the sample cell culture medium with the kallikrein-
like peptidase detection reagent. Elevated levels of interac-
tion of the kallikrein-like peptidase with the kallikrein-like
peptidase detection reagent is indicative of therapeutic agent
toxicity. These final steps for in vitro test methods of the
present invention involving contacting and detecting an
interaction are identical to the contacting and detecting steps
for other methods of the present invention except that the
sample is derived from cell culture medium instead of blood.

[0065] 1In preferred embodiments of the in vitro test meth-
ods, as discussed above for other aspects of the invention,
the Kkallikrein-like peptidase is kallikrein. As described
above in relation to other aspects of the invention, the
kallikrein-like peptidase detection reagent may be a sub-
strate cleaved by kallikrein-like peptidase, or kallikrein, or it
may be a kallikrein binding reagent such as an anti-kal-
likrein antibody.

[0066] In addition, preferred embodiments described
above in relation to the methods for detecting liver damage,
may preferentially be included in the in vitro test methods as
well. For example, the method can include steps for detect-
ing alpha-2-macroglobulin and/or kallikrein bound to alpha-
2-macroglobulin.
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[0067] In certain preferred embodiments, in vitro methods
of the present invention utilize control cell culture medium
prepared in an identical manner to sample cell culture
medium except that control cells are not exposed to the
therapeutic agent. kallikrein peptidase levels in control cell
culture medium is then compared to levels in sample control
culture medium. Increased levels of of the kallikrein-like
peptidase in the sample culture medium is indicative of
therapeutic agent toxicity.

[0068] In certain preferred embodiments, the methods and
kits of the present invention detect, monitor, or diagnose
liver damage by detecting and/or quantitating kallikrein-like
peptidase along with various complement components and/
or blood enzymes as part of a liver damage panel test. In
certain preferred embodiments, the liver damage panel test
combines the data for complement activation to detect
immune injury and kallikrein and/or prekallikrein measure-
ments to detect injury produced by certain prominent types
of viral infections, or other types of liver damage other than
immunological damage. In preferred embodiments, the liver
damage panel of assays are performed at one time, most
preferably using an automated instrument.

[0069] In general, this aspect of the invention provides a
method for detecting liver damage in a subject by contacting
a sample from the subject with a series of detection reagents
that are specific for each member of a liver damage panel
that includes a kallikrein-like peptidase. Preferably, the
kallikrein-like peptidase portion of this assay measures
plasma kallikrein. Furthermore, the panel typically includes
one or more complement component, such as C3a, C4a and
particularly in combination. An elevated level of one or
more members of the liver damage panel is indicative of
liver damage in the subject.

[0070] The liver damage panel consists of selected plasma
proteins. The panel testing aspect of the invention includes
testing, preferably simultaneous testing, for kallikrein and/or
prekallikrein, and at least one other liver damage panel
member, preferably a complement component. In a most
preferred embodiment of this aspect of the invention, the
panel testing includes an assay for each of the members of
the liver damage panel.

[0071] In one illustrative example, the liver damage panel
members include complement components C3a, C4a, Cls
and MASP-1, plasma prekallikrein and kallikrein/inhibitor
(c.g. alpha-2-macroglobulin and C1 inhibitor) complexes, as
well as serum amyloid protein (SAP) and/or C-reactive
protein (CRP) representing acute phase proteins. Commer-
cially available monoclonal or polyclonal antibodies exist to
all of these components (R&D Systems, Minneapolis,
Minn.; Affinity Biologicals; Quidel, San Diego, Calif,;
Advanced Research Technologies, San Diego, Calif,,
Pharmingen, San Diego, Calif.).

[0072] As mentioned above, the panel testing aspect of the
present invention not only can be used to detect and monitor
liver disease, it provides the ability to discriminate amongst
various forms of liver disease and various types of comple-
ment activation. The blood complement system can be
activated through three independent processes, namely the
classical, alternative, and lectin pathways®. The classical
pathway results in the generation of both fragments C3a and
C4a when the enzyme Cls is activated by interaction of C1
with altered IgG molecules as in immune complexes, this
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process reflects immune injury. The alternative pathway
results in only C3a generation (not C4a) and is activated
mainly by invasion of pathogens such as bacteria, viruses,
fungi and parasites. The lectin pathway*° is activated by the
binding of a mannose binding protein (MBP) to exposed
terminal neutral sugars such as mannose and generates both
C3a and C4a. However, the enzyme MASP-1 must also be
activated. The mannose is generally exposed by the action of
sialidases such as neuraminidase on either host or invading
cells, and this process can occur during an early stage injury
event in the vasculature. Therefore, measurement of C3a,
C4a, Cls and MASP-1 not only indicate the level or extent
of complement activation; these results also identify the
pathway or pathways that have been activated. This quality
of data can provide insight into the nature of the injury
process*>**. These assays can therefore preferentially dis-
criminate among the three activation pathways of comple-
ment.

[0073] Plasma protein complexes formed by activated
kallikrein and alpha-2-macroglobulin provide evidence of
“contact activation”, processes similar to those commonly
associated with the coagulation cascade. As demonstrated in
the attached Examples section, the presence and quantity of
a2-macroglobulin-kallikrein complexes correlate signifi-
cantly with hepatitis C (HCV), and possibly HBV, infec-
tion*'. Not to be limited by theory, in the case of HCV
viremia, it is probable that direct injury of the hepatocytes
leads to the conversion of prekallikrein to kallikrein. It is
well known that HCV infects hepatocytes and causes injury
to this cell type**. Consequently, we hypothesize that other
forms of liver injury, particularly those causing hepatocyte
injury, will activate prekallikrein and result in the formation
of alpha-2 macroglobulin-kallikrein complexes.

[0074] Measurement of acute phase proteins, such as
serum amyloid protein and/or C-reactive protein provide
independent indicators of the acute phase response and a
measure of the extent of upregulation of the host response to
endotoxins or other systemic stimuli. Such additional mark-
ers provide further data capable of discriminating among the
types of agents or mechanisms causing liver injury.

[0075] The panel testing methods of the present invention
can be used to detect the onset of liver injury, to provide
evidence of liver injury or toxicity, to monitor the efficacy of
general treatment modes, and presumably also indicate
resolution of an existing injury or pathologic condition.
These markers are more sensitive than are the classic liver
enzyme markers that rely on gross functional alterations of
the organ.

[0076] Complement activation reflects not only the pro-
cess of organ rejection but should detect subtle and early
stage tissue injury caused for example by therapeutic drugs.
Since it is known that immune injury can be detected by the
classical pathway and inflammatory injury is signaled by the
alternative pathway, these conditions are monitored using
the proposed panels. The lectin pathway may be able to
detect host tissue injury, such as that caused by toxic drug
effects. This information would help diagnose drug side
effects, particularly in the liver. A major advantage of this
approach using blood samples to detect and monitor the
status of the liver, is avoiding the need for needle biopsies.

[0077] Until recently, it had not been shown that plasma
samples from patients with high levels of in vivo comple-
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ment activation could be drawn and stabilized for later
analysis, without encountering extensive in vitro activation
that could invalidate the results. Thus measurements of
complement components and/or activation products are sel-
dom used as a diagnostic tool today. This lack of utility of
complement assays is due to the fact that enzymes, even in
EDTA plasma from “normal” individuals, continue to gen-
erate complement fragments in vitro. This process has
invalidated many results from previous clinical complement
studies. The in vitro activation process can be much greater
in patient plasma than in plasma from a healthy donor.

[0078] A recent study by Hugli et al.* has demonstrated
that this problem can be overcome by the use of defined
levels of the proteinase inhibitor nafamostat mesilate, com-
monly known as Futhan, in combination with EDTA. This
combination of inhibitors can prevent the in vitro activation
of complement by any of the three known pathways. Plasma
samples that are properly collected and stored can provide
accurate measurements of in vivo levels of complement
fragments free of any contribution from in vitro activation.
This procedure of sample handling using the above-identi-
fied inhibitors is critical for any embodiments of the present
invention involving the measurement of complement com-
ponents. Preferably, the sample handling technique
described above by which several inhibitors are added to a
sample, is used for all of the methods of the present
invention. This sample-handling process permits baseline
levels of the complement activation factors to be determined
in plasma from normal (i.e. the controls) healthy individuals.
When samples are collected properly, the elevation in C3a
and C4a levels in the patient samples are many times higher
than background or normal levels, thus avoiding false posi-
tive data.

[0079] The panel aspect of the invention has many impor-
tant uses. For example the panel is useful for evaluating the
effects of drugs under development in producing liver injury
and toxicity. The panel of assays is useful in evaluating
efficacy of drug treatments such as anti-virals (HCV and
HBV) to treat hepatitis and anti-rejection regimens in liver
transplant patients. The panels may be used as a pre-clinical
monitoring tool for use in validating clinical trials or as a
clinical diagnosis tool for detecting liver injury and liver
discase. Finally, the panel of assays may be used as a clinical
monitoring tool for following the progression or resolution
of liver injury and disease including side effects from drug
treatments.

[0080] In certain preferred embodiments of the panel
testing aspect of the present invention, the testing is per-
formed using a high-throughput system. For Example, the
Luminex bead technology system (Luminex, Austin, Texas)
may be the platform used as a high throughput detection
system suitable for adaptation directly to the clinical labo-
ratory. For example, the Luminex 100 instrument is inter-
faced with a Gilson 215 multiprobe 96 or 384 well plate
reader system. Since samples are injected into the Luminex
100 at 8-at-a-time groups, the analysis of the panel of
analytes is a particularly convenient system for data pro-
cessing. It is possible to simultaneously perform more than
100 assays on a single sample using the versatility of the
Luminex bead technology.

[0081] The various microsphere functionalities for cou-
pling proteins afford the methodology for covalent attach-
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ment of the immunoprobe to the bead (i.e. anti-human
alpha-2-macroglobulin and anti-C 1INH captured by bead-
linked avidin). A second antibody specific for kallikrein (or
other activated plasma proteinase) will contain a reporter
(fluorochrome) group. When the alpha-2-macroglobulin/
kallikrein and C INH/kallikrein complexes are captured, the
reporter antibody will provide an accurate quantitation of the
level of kallikrein complexes in the sample. A specific
spectral fingerprint may be used to segregate the beads for
counting each of the individual components in the panel.
This process may be developed for each of the 7-8 antigens
in the panel and the combined assays will constitute the liver
injury panel. The conjugation procedures for attachment of
the antibodies to the microbeads and the coupling of the
fluoroprobes to the antibodies have been well described
chemically.

[0082] Some of the first serial complement activation data
ever collected was obtained from a number of liver trans-
plant recipients and patterns of complement activation dur-
ing rejection episodes or proximal to the detection of either
CMV and HCV infections®. It was however unexpected to
see marked elevations in the levels of C3a and/or C4a in
samples obtained from “stable” liver transplant recipients
(n=19) whose routine clinical evaluation had showed no
signs of disease or rejection. On average the C3a/C4a values
were markedly elevated for the group with a rather wide
variation between individuals. Even more remarkable was
the fact that only 8 of the 19 continued to show extensive in
vitro activation of C3 and C4 EDTA plasma demonstrating
that an active enzyme exists that is not being controlled by
the plasma proteinase inhibitors. We now suspect that this
enzyme(s) is part of the lectin pathway of complement
activation and these enzymes are known as mannan-binding
associated serine proteinases (MASP- 1 and MASP-2).
Therefore, the measurement of both mn vivo and in vitro
complement activation is important for proper interpretation
of the results.

[0083] Armed with the in vivo and in vitro data on C3a
and C4a levels in plasma, combined with evidence of
MASP-1 activation, one can identify the pathway of
complement that has been activated. Such data will provide
insight into the injury processes that lead to the activation
process. For example, if only C3a is generated in vivo and
no in vitro activation occurred, one could conclude that only
the alternative pathway was activated and that a form of
infection by bacteria, fungi or parasite was a likely source.
When both C3a and C4a are activated in vivo but not in
vitro, and no MASP-% activation is evident, then the clas-
sical complement pathway has been activated and immune
complex disease or immune injury would be concluded to be
the cause. Finally, if C3a and C4a were generated in vivo
and 1 vitro and MASP-1 was activated, then the lectin
complement pathway would have been activated and enzy-
matic tissue injury from neuraminidase could be the cause
resulting in serious damage to the host’s own cells. Thus,
one can use the data to not only define the mechanism but
also the extent of injury, and with serial analysis determine
the progress or resolution of the process.

[0084] The following examples describe and illustrate the
methods and compositions of the invention. These examples
are intended to be merely illustrative of the present inven-
tion, and not limiting thereof in either scope or spirit. Unless
indicated otherwise, all percentages and ratios are by weight.
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Those skilled in the art will readily understand that varia-
tions of the materials, conditions, and processes described in
these examples can be used.

EXAMPLE 1

CHARACTERIZATION OF PLASMA
PEPTIDASE ACTIVITY

[0085] This example demonstrates that plasma peptidase
activity is elevated in many liver transplant patients, but this
activity is not provided by the C4 converting enzyme.

[0086] Patients. Materials and Methods. Blood samples
were obtained from healthy non-transplant donors (NTD)
and stable orthotopic liver transplant recipients (LTR) under
an approved Human Subjects protocol (no. 96-293). Each
donor was asked to sign an informed consent form agreeing
to be an unidentified voluntary donor. The LTR were free of
clinical rejection according to standard evaluations per-
formed at the time that these samples were collected. The
liver transplants had been performed in these individuals
from 1 month to nearly 4 years prior to the time of sample
collection (Table 1).

[0087] Blood samples were drawn into 5 ml EDTA tubes
(Venoject; Terumo Corp., Elkton, Md.). The plasma was
collected immediately by centrifugation at 2,000xg for 15
min at 4° C. The plasma samples were either processed
immediately for analysis or stored at -70° C. Frozen
samples were thawed at 4° C. prior to analysis.

[0088] The chromogenic substrate D-Ile-Pro-Arg-pNA
(S2288), trypsin, lima bean trypsin inhibitor (LBTI), soy-
bean trypsin inhibitor (SBTI), aprotinin, benzamidine, bdel-
lin, hirudin, human o-2-macroglobulin, human C1 esterase
inhibitor (C1INH), and Sephacryl S-300 were purchased
from Sigma Chemical (St. Louis, Mo.). D-Pro-Phe-Arg-
pNA (S2302) was purchased from Chromogenix-Instrumen-
tation Laboratory (Milan, Italy). Futhan (FUT175) was
obtained from Banyu Pharmaceutical (Tokyo, Japan). Cls
and C4 was obtained from Advanced Research Technologies
(San Diego, Calif.). Plasmin, thrombin, plasma kallikrein,
tissue kallikrein, and D-Phe-Phe-Arg-chloromethylketone
(PPACK 1II) were obtained from Calbiochem-Novabiochem
Corp (La Jolla, Calif.). f-Factor XIla (B-FXIla) was kindly
provided by Dr. Mary J. Heeb, The Scripps Research Insti-
tute. A mAb against human prekallikrein/kallikrein (13G11)
was obtained from QED Bioscience Inc. (San Diego, Calif.).
A horseradish peroxidase-conjugated goat anti-mouse IgG
and Opti-4CN™ substrate were obtained from Bio-Rad
Labs (Hercules, Calif.). Goat anti-human a:2-macroglobulin,
goat anti-human C1INH, sheep anti-human antithrombin III
(AT 1), human plasma prekallikrein, and corn trypsin
inhibitor (CTT) were purchased from Enzyme Research
Labs. Inc (South Bend, Ind.). All other chemicals, buffer
salts and reagents were analytical reagent grade.

[0089] The substrate AGLTR-pNA structure was based on
the C-terminal sequence of the human C4a molecule and
was synthesized by Peptides International, Inc. (Louisville,
Ky.). Cleavage of the substrate between Arg and pNA by
serine proteinases having trypsin-like specificity releases the
yellow-colored pNA that is monitored at a visible wave-
length of 405 nm.

[0090] The peptidase activity in plasma samples or of the
purified enzymes were routinely determined at 37° C. in a
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96-well plate. Each well contained 0.5 mM substrate in 100
4l of Tris-buffered saline (TBS)-EDTA buffer (50 mM
Tris/150 mM NaCl/10 mM EDTA, pH 7.8) and the reaction
was monitored using a microplate reader (Titertek Multi-
scan, Labsystems, Needham Heights, Mass.).

[0091] The C4a levels in EDTA plasma samples were
determined using commercial human C4a Biotrak™ RIA
(Amersham Life Science, Arlington Heights, I11.). Equal
volumes of plasma sample and the precipitating reagent
were mixed and incubated at room temperature (rt) for 5
min. The mixture was then centrifuged at 2,500xg and 4° C.
for 15 min. The supernatant from each sample tube was
collected for analysis and aliquots were mixed with Biotrak
assay buffer. The ***I-labeled C4a and specific Ab solutions
were added to the plasma supernatant and incubated at rt for
30 min. A 50 4l aliquot of goat anti-rabbit Ab was added and
the mixture was incubated for an additional 30 min at rt. Two
ml of saline was added and the tube was centrifuged at
2,000xg for 10 min at 4° C. The supernatant was decanted

10
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of peptidase activity in LTR plasma diluted 10-fold in
TBS-EDTA buffer show three distinct groups of samples
(FIG. 2A). One group (n=6) has a high level of activity, and
a second group (n=4) exhibits moderate activity, while the
rest of the samples (n=06) show no activity at this dilution. No
peptidase activity was detected in even undiluted NTD
samples after 180 min of incubation at 37° C. (FIG. 2B).

[0093] Correlation between plasma peptidase activity and
C4a generation. If hydrolysis of the substrate AGLTR-pNA
was a measure of the C4 converting enzyme in these LTR
plasma, then the extent of in vitro complement activation, as
measured by C4a generation , should correlate with the level
of plasma peptidase activity. Since no correlation existed
between the plasma C4a levels and the peptidase levels in
these LTR plasmas (FIG. 3), it suggested that the plasma
proteinase responsible for converting C4 was not the same
enzyme that was being detected in the LTR plasma, even
though we were using a substrate whose structure was based
on the C4 cleavage site.

TABLE 1

Characteristics of the Liver Transplant Recipient Population

Total post

Recipient Age™ Pre-transplant Recurrence Time post transplant
No. (yr) diagnosis of HCV/HBV  transplant*  follow-up time

1 42 Chronic HCV Positive 1yrl mo Syr2 mo

2 48 Chronic HCV Negative 3yr3 mo 7 yr 4 mo

3 39 Chronic HCV Positive 7 mo 4 yr 8§ mo

4 49 Chronic HCV Positive 4 mo 4 yr5 mo

5 47 Chronic HCV Positive 3yr9 mo 7 yr 10 mo

6 37 Chronic HCV Positive 6 mo 4 yr 7 mo

7 39 Chronic HCV Positive 5 mo 4 yr 7 mo

8 54 Chronic HCV Positive 2yr0 mo 6 yrl mo

9 47 Chronic active HCV Negative 3yr6 mo 7 yr 8§ mo

10 47 Chronic HCV and HBV Negative 2 mo 4 yr 4 mo

1 39 Chronic HCV Positive 2yr3 mo 6 yr 4 mo

Primary biliary cirrhosis
12 59 Chronic HCV Negative 11 mo 5yr0 mo
Autoimmune hepatitis
13 44 Chronic HCV Positive 1 mo 4 yr3 mo
Systemic mastocytosis
14 59 Chronic HCV Positive 2 mo 4 yr 3 mo
Alcoholism
15 54 Chronic HBV Negative 4 mo 4 yr 4 mo
16 48 Autoimmune hepatitis ND 2 mo 4 yr 3 mo
*At time of transplant.
tLength of time between transplant and when plasma was obtained.
and the pellet was counted for 1 min in a Cobra Autogamma EXAMPLE 2

Model 5002 scintillation counter (Packard Instrument, Meri-
den, Conn.). Analysis of each sample was performed in
duplicate and the data was analyzed using RiaSmart soft-
ware supplied by Packard Instruments.

[0092] Characterization of plasma peptidase activity. Pep-
tidase activities in EDTA plasma samples from NTD (n=16)
and from LTR (n=16) were compared using the AGLTR-
pNA substrate (FIG. 1). Activity was negligible in the NTD
plasma samples (diluted 10-fold in TBS-EDTA buffer) after
15 min of incubation at 37° C. When the LTR EDTA plasma
samples, also diluted 10-fold, were measured at the same
early time point, a number of these samples (10/16, 63%)
exhibited elevated peptidase activity. The mean peptidase
activity measured in LTR plasma was significantly higher
(P<0.01) than that in the NTD samples. The kinetic profiles

IDENTIFICATION OF THE PEPTIDASE
ELEVATED IN CERTAIN LIVER TRANSPLANT
PATIENTS AS KALLIKREIN OR A
KALLIKREIN-LIKE PEPTIDASE

[0094] This example demonstrates that the peptides
elevated in the plasma of many liver transplant patients is
kallikrein or a kallikrein-like protein. levels of the kallikrein-
like peptidase of the current invention are associated with
liver disease.

[0095] Gel Filtration. Gel filtration experiments were per-
formed at 4° C. and a flow rate of 10 ml per hour on a
Sephacryl S-300 column (2.5x45 cm). The column was
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equilibrated with TBS-EDTA buffer and a 5 ml sample was
applied to the column. Fractions of approximately 2.2
ml/tube were collected.

[0096] Immuno blot and immunodiffusion assays. Ali-
quots of the gel filtered plasma fractions were diluted in PBS
and loaded (200 ul per well) onto a nitrocellulose membrane
under vacuum. The membranes were blocked for 45 min
with 5% nonfat dry milk in PBS. After washing with PBS
containing 0.1% Tween-20, the blocked membranes were
incubated with a mouse mAb to human prekallikrein/kal-
likrein (13G11) at 2 ug/ml in PBS containing 1% BSA for
90 min. After washing with PBS, the membranes were
incubated for 45 min with a horseradish peroxidase-conju-
gated goat anti-mouse IgG at a dilution of Y3000 in PBS
containing 1% BSA. Finally, the membrane was washed
with PBS and developed in Opti-4CN™ substrate. Each dot
was quantitated with a computerized densitometer, Personal
Densitometer SI (Molecular Dynamics, Sunnyvale, Calif.)
using an image analysis software, ImageQuant (Molecular
Dynamics).

[0097] A western blot analysis was performed using the
mAb to human prekallikrein/kallikrein (13G 11). Human
plasma prekallikrein was incubated with B-FXIIa (10:1
molar ratio) for 60 min at 37° C. Kallikrein-C1INH com-
plexes and kallikrein-c-2-macroglobulin complexes were
then formed by reacting the kallikrein with a twofold molar
excess of C1INH and with a fivefold molar excess of
a-2-macroglobulin, respectively, for 30 min at rt. SDS-
PAGE was performed using the method of Laemmli**.
Samples were run on a 4% to 15% gradient SDS gel in
nonreduced state and transferred to an Immobilon-P mem-
brane (Millipore, Bedford, Mass.) by means of a semidry
blotter (Hoefer Scientific Instruments, San Francisco, Calif.)
following the manufacture’s procedures. Immuno detection
was conducted as described above.

[0098] Immunoprecipitation was performed using the
Ouchterlony method™®. Agarose at a concentration of 1% in
PBS containing 0.05% NaN, was poured onto plates.
Twenty ul of polyclonal Ab to either human ¢-2-macroglo-
bulin, C1INH, or AT I1I was placed in the center well of the
gel plate. Ten ul of each fraction from the gel filtered plasma
was placed in the surrounding wells. A positive result was
based on the presence of a visible precipitation line between
the Ab and the sample wells. The intensity of the precipi-
tation lines were graded as *, +, ++, OF +++.

[0099] C4-cleaving assay. Each enzyme at 40 nM was
incubated with a fixed concentration of C4 (1 uM) for 60
min at 37° C. in TBS buffer with EDTA, CaCl, or MgCl,
added. An optimal pH of 7.4 was selected for the incubation
of Cls and plasma kallikrein with C4. Following the incu-
bation, SDS-PAGE was performed using the method of
Laemmli**. The disulfide bonds in C4 were reduced by
incubating for 90 s at 95° C. in Laemmli’s sample buffer
supplemented with 5% 2-ME. The samples were applied to
a 10% slab gel and after electrophoresis the protein was
fixed and stained with Coomassie brilliant blue.

[0100] Gel filtration of plasma. One of the LTR samples
containing high levels of peptidase activity was gel filtered
and the profile of peptidase activity was determined using
three different substrates (FIG. 4). The AGLTR-pNA pep-
tidase activity in LTR plasma eluted over a broad range
(80-125 ml). A similar profile was obtained when other of
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the high activity LTR samples were separated by the same
gel filtration technique (data not shown). The size of the
peptidase-containing material, based on known standards,
was estimated to cover a broad range between 100-2,000
kD, indicating a degree of aggregation must exist. Although
the rate of conversion measured using the commercial
substrates S2288 or S2302 was somewhat greater than that
using AGLTR-pNA, the activity profiles overlapped. The
level of activity detected in the peak fractions of the gel
filtered LTR plasma was relatively high after only 15 min of
incubation at 37° C. Maximal peptidase activity was reached
for the peak fractions after 35-45 min of incubation.

[0101] When the peptidase was measured in fractions of
gel filtered NTD plasma, activity was barely detected after
15 min of incubation (FIG. §). After long term incubation
(80-180 min) activity was observed in a high mol wt region
(90-110 ml, 200-1,000 kD), more narrow that in the LTR
samples, as well as in a separate peak of activity at 130 ml
(66 kD). Note that activity in the NTD plasma peak at 130
ml was much higher for the plasma thrombin substrate
$2288 than for AGLTR-pNA. Therefore, not only is there
much less activity detected in the NTD plasma, but the
profiles of activity in LTR and NTD plasma are markedly
different. We conclude that the majority of activity detected
in the NTD plasma sample was generated in vitro.

[0102] Plasma proteinase inhibitor profile. Immunological
analysis of the peptidase-positive fractions of the LTR
plasma samples by the Quchterlony method®® after gel
filtration indicated that alpha-2-macroglobulin (a2M) coin-
cides with the entire profile of peptidase activity, while
C1INH only partially overlapped with the activity region,
and AT III fell outside the region (FIG. 6). The profile of
immunoreactive plasma kallikrein, as analyzed by the dot-
blot technique, also overlapped with the peptidase activity.
Both 0¢2M and C1INH would be predicted to form protein-
ase-inhibitor complexes, but only the a2M-proteinase com-
plexes retain peptidase activity.

[0103] Activity of plasma proteins of synthetic substrates.
AGLTR-pNA was cleaved efficiently by purified plasma
kallikrein and trypsin, but poorly cleaved by thrombin and
plasmin. Enzymes such as f-FXIIa, tissue kallikrein and
Cls, the enzyme that the substrate was designed for, show
almost no ability to cleave this substrate at these levels of 10
oM (FIG. 7). Substrates S2302 and S2288 were also cleaved
by the purified enzymes at variable rates, with Cls, plasmin,
tissue kallikrein and p-FXIla being least active on these
substrates. Thrombin and trypsin cleaved substrate S2288
more efficiently than S2302, while plasma kallikrein cleaved
$2302 more rapidly than S2288. This was the same speci-
ficity that was observed for the LTR plasma peptidase.

[0104] Characterization of serine proteinase inhibitors on
selected proteinase and liver transplant recipient plasma.
Several common proteinase inhibitors have been evaluated
for their ability to inhibit both the purified enzymes and the
proteinase(s) in EDTA plasma from LTR (Table 2). Benza-
midine and Futhan were very efficient inhibitors for all of the
enzymes examined. LBTI inhibited the amidolytic activities
of only plasmin and trypsin. The activity of plasma kal-
likrein was actually increased by adding LBTI. Both SBTI
and aprotinin efficiently inhibited plasmin, plasma Kkal-
likrein, and trypsin, but not Cls. These inhibitors were only
partially effective in inhibiting the plasma peptidase. All
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three of the LTR plasma samples that were examined
exhibited a similar response pattern to these various inhibi-
tors.

[0105] We examined several specific inhibitors of known
plasma proteinases (Table 3). Many of the inhibitors in Table
IT had poor reactivity towards thrombin. However hirudin, a
very effective thrombin inhibitor, failed to reduce the plasma
peptidase activity indicating that thrombin was not involved
(FIG. 8). It was important to eliminate thrombin as the
proteinase detected here since thrombin activation has been
correlated with cirrhotic liver patients infected with HCVZ®,
C1INH caused only partial inhibition of the plasma enzyme
activity or purified plasma kallikrein, and only partially
inhibited Cls at the concentration used here. Bdellin, a
plasmin inhibitor, also failed to inhibit the LTR peptidase
activity. The inhibitor PPACK I totally inhibited both
purified plasma kallikrein and the I'TR peptidase activity,
but failed to inhibit Cl1s. This data strongly suggested that
the LTR plasma enzyme was kallikrein and not Cls. The
plasma peptidase activity could also be detected in citrated
or heparin plasma, as well as in EDTA plasma (data not
shown).

[0106] Immunologic detection of Kkallikrein-inhibitor
complexes in liver transplant recipient plasma. It was pre-
viously reported that mAb 13G11 recognizes an epitope on
the H chain of prekallikrein even when kallikrein is com-
plexed with CIINH or with a2M*"*®. An immuno blot
using purified kallikrein showed that the mAb readily
detects plasma kallikrein (lane 1, a doublet at 86 and 88 kD),
kallikrein-C1INH complexes (lane 2, 190 kD), and kal-
likrein-C1INH complexes, and kallikrein-a.2M complexes
(lane 3, multiple bands) (see FIG. 9). This result is consis-
tent with the report by Kaufman et al*”. Note that there are
aggregates of the kallikrein-o2M complexes visible in lane
3 which may help to explain the gel filtration patterns seen
in FIG. 4. In LTR plasma (lane 5), the mAb detected
prekallikrein/kallikrein, kallikrein-C1INH complexes, and
kallikrein-o2M complexes while in NTD plasma (lane 4)
only a prekallikrein/kallikrein doublet was visualized. In
addition, the intensity of the prekallikrein/kallikrein in LTR
plasma was significantly decreased compared to that in
NTD.

[0107] Attempt to cleave C4 by plasma kallikrein. Purified
human C4 was incubated with either C Is or plasma kal-
likrein and cleavage of C4 was evaluated by SDS-PAGE
using reduced condition (FIG. 10). As expected, control C4
without enzyme contained three chains (a-, - and y-) of 93,
75, and 32 kD respectively (lane 2). Treatment of C4 with
Cls either with EDTA (lane 3), CaCl, (lane 4), or CaCl, and
MgCl, (lane 5) resulted in cleavage of the C4 c-chain,
producing the o'-chain. This result is consistent with previ-
ous reports of C4 conversion by C1s**~*°. However, plasma
kallikrein failed to cleave C4 either with EDTA (lane 6),
CaCl (lane 7), or CaCl, and MgCl, (lane 8). Consequently,
if plasma kallikrein is the peptidase detected in these LTR
samples, as the data suggests, then a separate enzyme such
as C1s or mannose-binding lectin-associated serine protease
2 (MASP-2) of the lectin complement activation pathway’*
must be responsible for the in vitro cleavage of C4 that has
been previously demonsirated in EDTA plasma®.
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TABLE 2

Effects of General Serine Proteinase Inhibitors on
Selected Proteinases and LTR Plasmas

Enzyme or % Residual activity

Plasma LBTI SBTI Aprotinin Benzamidine  Futhan
Cls 1423 1236 104.8 6.6 4.6
Plasmin 44 37 2.4 39 -15
Thrombin 92.2 46.7 84.6 1.6 08
Plasma Kallikrein ~ 284.2 22 35 2.0 11
p-FXIIa 68.7 109.1 106.0 10.9 38
Trypsin 4.8 5.3 4.8 5.8 -05
ITR 1 95.0 442 353 0.5 -0.7
LTR 2 95.2 61.9 40.2 -0.3 02
LTR 3 94.6 28.8 21.4 1.5 -1.1
[0108] The enzymes Cls (100 nM), plasm in (100 nM),

thrombin (100 oM), plasma kallikrein (20 nM), §-FXIla
(100 nM), trypsin (16 nM) or LTR EDTA plasma samples
were incubated for 60 min at 4° C. with TBS-EDTA buffer
containing either LBTI (1 mg/ml), SBTI (I mg/ml), aprotinin
(0.075 mg/ml), benzamidine (50 mM), or Futhan (0.1
mg/ml), before mixing with the substrate. EDTA plasma
samples from LTR were diluted 10 or 20-fold with TBS-
EDTA. The chromogenic substrate AGLTR-pNA was used
for all enzymes and LTR samples except Cls where the
substrate S2288 was used. Based on the initial rate of
increase in OD at 405 nm, the residual free enzyme level was
calculated and expressed as a percentage of total activity
without inhibitor added.

TABLE 3

Effects of Specific Serine Proteinase Inhibitors
on Selected Proteinases and LTR Plasmas

% Residual activity

Enzyme or Plasma CIINH  Bdellin Hirudin PPACKII  CTI

Cls 37.8 ND  ND 82.2 ND
Plasmin ND 492 ND 9.2 ND
Thrombin ND ND 2.6 0.7 ND
Plasma Kallikrein 37.0 ND ND 0.0 ND
B-FXla ND ND  ND 8.4 9.7
LTR 1 81.4 99.1 1004 02 96.4
LIR 2 84.0 961 995 0.6 9.2
LTR 3 410 1034 1041 27 1045
[0109] Ten-fold diluted normal EDTA plasma was added

to each enzyme. The enzymes Cls (100 nM), plasmin (100
nM), thrombin (100 nM), plasma kallikrein (20 noM),
f-FXIIa (100 nM), trypsin (16 nM) or LTR EDTA plasma
samples were incubated for 60 min at 4° C. with TBS-EDTA
buffer containing either C1INH (40 ug/ml), bdellin (50
ug/ml), hirudin (50 U/ml), PPACK 11(10 uM), or CTI (100
ug/ml), before adding the substrate. LTR samples were 10 or
20-fold diluted with TBS-EDTA. The chromogenic substrate
AGLTR-pNA was used for all enzymes and LTP samples
except Cls where the substrate S2288 was used. Based on
the initial rate of increase in OD at 405 nm, the residual free
enzyme was calculated and expressed as a percentage of
total activity determined without inhibitor added.



US 2003/0087316 Al

EXAMPLE 3

CORRELATIONS BETWEEN KALLIKREIN
AND CLINICAL CONDITIONS

[0110] This example demonstrates that levels of the kal-
likrein-like peptidase of the current invention are associated
with liver damage.

[0111] Determination of Clinical Outcome of Patient.
Patients with clinical recurrent HCV and HBV infections
were identified histologically by biopsy.

[0112] Correlations between kallikrein and clinical condi-
tions. We investigated the relation between the peptidase
activity and the clinical data (sec Table 1) in LTR. There was
no correlation between the peptidase activity and either
rejection (5 of the 16 recipients, numbers 1, 4, 10, 11 and 15)
or CMV infection (5 of the 16 recipients, numbers 2, 3, 4,
12 and 16) (see Table 4). All LTR that were examined,
except recipient number 16 with autoimmune hepatitis, had
HCV and/or hepatitis B virus (HBV) infection before liver
transplantation and 10 of the 15 recipients were HCV
recurrence positive. The peptidase activity in LTR with viral
recurrence was significantly higher than in LTR without the
recurrence (FIG. 11). Table IV summarizes these statistical
correlates between complement activation and plasma kal-
likrein activity and the recurrence of HCV infections, CMV
infections and rejection.

TABLE 4

Statistical Correlations between Plasma Kallikrein and
C4a Tevels and Viral Infection and Rejection in TTR*

P values
Condition Kallikrein activityd C4a level
HCV recurrence 0.0164§ 0.1573
CMV infection 0.2800 0.2945
Rejection episodes 0.1552 0.0195§

*The Mann-Whitney U-test was used.
FThe values for the peptidase activity shown in FIG. 1 were used.
§Statistically significant values.

EXAMPLE 4

FURTHER CONSIDERATIONS REGARDING
PLASMA ENZYME LEVEL ELEVATION IN
CERTAIN LIVER TRANSPLANT PATIENTS

[0113] Not to be limited by theory, this example discusses
the results presented in FIGS. 1-3.

[0114] We previously reported significant elevation in the
average levels of complement activation factors C3a and
C4a in EDTA plasma from clinically stable liver transplant
recipients®. There was also an unexpectedly high in vitro
conversion of the complement factors C3 and C4 versus
time in some of these TR plasma samples. The incidence
of markedly elevated C3a/C4a levels in LTR was 8 of 19
(42%), while the incidence in elevated peptidase activity in
the same LTR plasmas appears to be even higher (62.5% or
10 of 16). Interestingly, there was no apparent correlation
between these two processes in this group of transplant
recipients who were clinically diagnosed as being free of
rejection at the time that these samples were obtained. When
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EDTA plasma from the non-transplant control group of
individuals were incubated in vitro, the level of plasma
peptidase activity remained virtually undetectable.

[0115] Although low levels of activity were detected in
NTD plasma following gel filtration, both the level and
profile of activity differed significantly from that of the TR
plasma. It appears that low levels of peptidase activity was
generated during the gel filtration process itself, since no
activity was detected during incubation of the whole NTD
plasma. This activation may simply have resulted from
surface activation or the effect of dilution on the plasma®.
Since the peptidase in the LTR plasma eluted over a wide
range of mol wt and all appeared to be greater than 100 kD,
it indicated that the enzyme was in complex with plasma
proteinase inhibitors. In our assays, we used only small
peptide substrates because the proteinase(s) in these com-
plexes should be inactive toward protein substrates, as is
known to be the case for a2M-proteinase complexes™.

[0116] Unlike Cl1s and the MASP-1 and MASP-2 of the
lectin pathway of complement activation, many plasma
proteinases fail to cleave C3 or C4 efficiently, and some of
the LTR plasma samples exhibited high levels of peptidase
activity without generating C3a or C4a. This observation
suggested that several enzymes were activated in the LTR
plasma samples. In some cases, active Cls (or another C4
converting enzyme such as MASP-2 of the lectin pathway)
was present while in other cases non-complement peptidases
(i.c. kallikrein) had been activated. The proteinase inhibitor
studies suggested that several proteinases could exist in LTR
plasma, but that Cls, plasmin and thrombin appear to have
been eliminated as candidates in these samples. It was
important to identify the non-complement proteinase(s) in
the LTR plasmas to help characterize the mechanisms under-
lying these activation processes. Knowing the enzyme(s)
involved may eventually help us understand the nature of
tissue injury responsible for activating complement and/or
coagulation proteinases in liver transplants. Evidence that
thrombin fragments F1+2, markers of thrombin activation®,
were elevated in patients with HCV infection with and
without liver cirrhosis®® suggested that thrombin may also
be activated in the LTR. Thrombin would predictably be in
complex with AT IIT and thus undetectable by our peptidase
assay. We did not measure the F1+2 levels in the LTR
samples and so we do not have evidence of thrombin being
activated.

[0117] Our results from Western blot analysis clearly
indicated that plasma kallikrein was activated and that it
contributes most of the peptidase activity in LTR plasma
based on our inhibitor studies. Furthermore, the evidence
shows that the plasma kallikrein is complexed with various
plasma inhibitors. This conclusion is consistent with the
observation that plasma kallikrein is complexed primarily
with C1INH and ¢2M when activated in normal plasma®.
The a2M-kallikrein complex has been measured in a num-
ber of diseases, including hereditary angioedema and sepsis,
and found to be significantly elevated in a number of these
cases”’. What is particularly interesting in these studies is
that the enzyme-inhibitor complexes are observed in only a
select population of the LTR samples indicating that the
activation process is dynamic and is signaling a specific
pathologic event in stable LTR.

[0118] A recent study suggests that a factor XII-indepen-
dent pathway of prekallikrein activation exists on the surface
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of cultured human endothelial cells and that the activating
enzyme may be a cellular thiol enzyme>®. This observation
may explain how and why the peptidase activity is elevated
only in a select group of ITR plasma from recipients with
recurrent HCV infection (Table 4). If prekallikrein is acti-
vated on endothelium after the cells are injured, causing
release of the thiol enzyme(s)*®, then this peptidase activity
may be used to indicate ongoing endothelial injury. Alter-
natively, the activating cells may be the HCV-infected
hepatocytes themselves that can either generate kallikrein by
contact activation on the injured cell surface or by elabo-
rating the HCV trypsin-like proteinase NS3°7*¥ It has even
been suggested that the NS3 protease could deplete plasma
of inhibitors such as C1INH and ¢.2-antiplasmin and thereby
altering normal regulatory mechanisms of the complement
and coagulation cascades™®.

[0119] Consequently, our data suggests that either plasma
peptidase activity or direct measurement of the o.2M-kal-
likrein complexes in LTR plasma provide a means to moni-
tor pathologic events leading to hepatic or endothelial injury.
Kallikrein activation appears to be a separate event from the
rejection or immune responses leading to complement acti-
vation. Although Scholz et al.** detected contact activation
of kallikrein immediately after reperfusion of the trans-
planted liver, our data suggests that similar episodes can
occur much later in the life of the graft and are independent
of revascularization.

[0120] Since elevated peptidase activity was detected only
in some of the recipients, all of which were clinically
diagnosed as stable and non-rejecting at the time the sample
was obtained, it was important to examine this population
prospectively for events that might correlate with elevated
enzyme levels. A significant (P<0.02) correlation was found
between recurrence of HCV infection in the majority of
these recipients (10 of 15) and elevated peptidase activity.
We did not find a correlation between rejection episodes
(observed in only 5 of 16 recipients) and peptidase activity,
however rejection did correlate significantly (P<0.02) with
C4a generation®. Since no evidence of Cls activity was
observed (i.e. classical pathway activation), this result sug-
gests that the C4 may be converted by the MASP-2 enzyme
of the lectin pathway™".

[0121] A number of questions have been raised by these
studies, such as how many proteinases are actually involved
and why are hemostatic system and coagulation enzymes
activated in some cases while complement is activated in
others. We also need to know if the elevation in kallikrein
activity might have diagnostic value for these organ recipi-
ents. Does the presence of kallikrein and other peptidases
signal early stages of viral injury to hepatocytes or to the
vascular endothelial surface and what pathophysiologic
events lead to such vascular injury in this organ? Our results
suggest that serial measurements of the peptidase activity
and/or levels of a2M-kallikrein complexes in LTR may be
used to correlate with clinical sequelae. Both the peptidase
and complement activation assays promise to be useful in
discerning stages of progressive disease in liver allografts.
This is the first evidence that kallikrein activation is signifi-
cantly correlated with HCV infection in liver transplants.
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EXAMPLE 5
PANEL ASSAY FOR DETECTING LIVER
DISEASE

[0122] This example provides a prophetic example of a
panel assay for detecting, monitoring, and diagnosing liver
discase. The purpose of the experiments described in this
experiment are to obtain and evaluate the specific immu-
noreagents for the 7-8 components of the panel assay.

[0123] Coupling experiments will be performed on micro-
beads and antibodies. Seven to eight assays will be adapted
to the Luminex instrument. Activated plasma samples and
purified components in the assay system will be tested for
reproducibility and accuracy. Analyte sensitivity will be
determined and used to establish detection limits for each
analyte using standard statistical analysis. Calibrators will
be developed for establishing assay accuracy and controls
for assay reproducibility. Control and disease levels will be
established for each of the component assays.

[0124] Experimental Protocol. A panel of assays using the
Luminex microbead technology will be developed for analy-
sis of plasma samples. Seven to eight protein factors have
been selected based on existing data that shows a correlation
between the levels of these factors and a known disease/
injury process in the liver. The factors, also referred to herein
as the liver damage panel, include complement components
C3a, C4a, Cls and MASP-1, plasma prekallikrein and
kallikrein/inhibitor (e.g. alpha-2-macroglobulin and C1
inhibitor) complexes, as well as serum amyloid protein
(SAP) and/or C-reactive protein (CRP) representing acute
phase proteins.

[0125] Development of the panel requires an optimization
of the accuracy and reproducibility of the individual assays
and a demonstration that the panel data is representative and
duplicative of the individual assay results. The conjugation
procedures for attachment of the antibodies to the micro-
beads and the coupling of the fluoroprobes to the antibodies
have been well described chemically, however this process
must be demonstrated using each of the protein factors
selected for the panel.

[0126] The antibodies and reference factors will be
obtained from either commercial sources or from personal
stores. Antibodies will be characterized for desired binding
affinities and specificity. Coupling of the antibodies to the
microbeads will be efficient and at a density that is appro-
priate to meet the binding/uptake requirement for each
factor. Attachment of the fluoroprobes to the antibodies will
be uniform and sufficient in number to permit adequate
sensitivity. The panel of assays will be evaluated and shown
to be reliable, reproducible, and accurate compared to inde-
pendent assay techniques. The stability and storage charac-
teristics of the coupled reagents will meet standards that
permit reproducibility of assay results over a span of at least
60 days.

[0127] Potential application of the panel assays will be
demonstrated using both control (i.e. normal) and activated
plasma. Both complement and pre-kallikrein will be acti-
vated in the test plasma samples to simulate the data that has
been obtained from liver transplant recipients or liver dis-
ease plasmas.

[0128] Design and development of the individual assays in
the panel. A complete set of reagents for characterization
will be obtained as follows:
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[0129] 1. Purified components such as C3a, C4a,
Cls, Masp-1, prekallikrein, kallikrein, SAP and CRP
will be obtained from sources such as Advanced
Research Technologies, San Diego, Calif. (a comple-
ment source) or Enzyme Research (South Bend, Ind.
(an enzyme source) or BD/Pharmingen (an antibody
source).

[0130] 2. All components will be characterized for
purity and authenticity using mass spectroscopy and
gel electrophoresis.

[0131] 3. All antibodies will be tested in competition
assays to determine their value in the sandwich
procedure.

[0132] Immunoglobulins will be attached to the beads via
either a carboxyl group or to the Lumavidin. The level of
antigen captured by the reagent beads will be tested.

[0133] Antibody will be labeled with Bodipy FL-CASE@
from Molecular Probes, Inc., Eugene, Oreg. Intensity of the
green fluorescence on the antibody will be measured.

[0134] The capture microspheres will be used to titrate the
component antigen. Uptake curves for the component will
be generated and statistical methods will be used to deter-
mine sensitivity of the assay.

[0135] This process will be repeated for each component
of the assay panel.

[0136] The assays will then be adapted to the multiplex
panel for automatic data collection. The various capture
microbeads will be mixed with the various purified compo-
nents and the reporter antibodies. The assay values, repro-
ducibility, and accuracy of the output will be determined.

[0137] The prototype panel assay will then be analyzed
using plasma samples. Various capture microbeads for the
7-8 components will be mixed with the plasma samples
(activated and non-activated) and add the reporter antibod-
ies. The assay values, reproducibility, and accuracy of the
data output will be determined.

[0138] As many as 50 normal human donors to provide
5-10 ml of blood collected in EDTA. The distribution of
subjects should be approximately 50% male and 50% female
between the ages of 18-55 with no preference to race. The
expected distribution from the general population will be
approximately 15% African-American, 20% Asian, 25%
Hispanic and 40% Caucasian based on the local population.

[0139] The 5-10 ml blood sample will be drawn from the
antecubital vein or another arm vein, if necessary. Blood will
be drawn at the San Diego Blood Center and subjects will be
recruited from the population at large. A standard consent
form approved by the Blood Center will be used. The
protocols are already developed at HemoSaga for such
studies (Assurance of Compliance No. FWAQ0000150).

[0140] The potential risks are minimal and consist prima-
rily of a slight temporary bruise appearing around the
venipuncture site. The SD Blood Center maintains a trained
staff of certified phebotomists.

[0141] Throughout this application, various patents, pub-
lications, books, and nucleic acid and amino acid sequences
have been cited. The entireties of each of these patents,
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publications, books, and sequences are hereby incorporated
by reference into this application.
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What is claimed is:

1. A method for detecting liver damage in a subject, said
method comprising contacting a sample from the subject
with a plasma kallikrein-like peptidase detection reagent,
wherein the kallikrein-like peptidase detection reagent
detects the kallikrein-like peptidase, and wherein interaction
of the kallikrein-like peptidase with the kallikrein-like pep-
tidase detection reagent is indicative of liver damage in the
subject.

2. The method of claim 1, wherein the kallikrein-like
peptidase is plasma kallikrein.

3. The method of claim 1, wherein the kallikrein-like
peptidase detection reagent is a substrate cleaved by kal-
likrein.

4. The method of claim 1, wherein the kallikrein-like
peptidase detection reagent is a kallikrein binding reagent.

5. The method of claim 2, further comprising contacting
the sample with an alpha-2-macroglobulin detection reagent.

6. The method of claim 5, wherein kallikrein detected by
the method is bound to alpha-2-macroglobulin.

7. The method of claim 1, wherein first sample is a blood
or a plasma sample.

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

9. The method of claim 1, wherein the subject is a stable
liver transplant patient.

10. The method of claim 1, wherein the subject has a
hepatitis infection.

11. The method of claim 1, wherein the subject has an
HCV infection.

12. The method of claim 1, wherein the subject has a
recurrent HCV infection.

13. The method of claim 1, wherein the subject has an
HBYV infection.

14. The method of claim 1, wherein the kallikrein-like
peptidase detection reagent comprises a peptide.

15. The method of claim 1, further comprising detecting
(C3a, C4a, or a combination thereof.

16. The method of claim 1, wherein the subject has a liver
disease selected from liver abscess, liver cancer, either
primary or metastatic, cirrhosis, such as cirrhosis caused by
the alcohol consumption or primary biliary cirrhosis, amebic
liver abscess, autoimmune hepatitis, biliary atresia, coccid-
ioidomycosis disseminated, delta agent (hepatitis d), hemo-
chromatosis, hepatitis a, hepatitis b, hepatitis ¢, or other
hepatitis virus, hepatocellular carcinoma, pyogenic liver
abscess, Reye’s syndrome, sclerosing cholangitis, Wilson’s
disease, drug induced hepatotoxicity, or fulminant or acute
liver failure.
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17. The method of claim 15, further comprising detecting
interaction of the C4a detection reagent with C4a, wherein
an elevated level of C4a indicates autoimmune liver dam-
age.

18. The method of claim 2, wherein the method further
comprises:

dividing the sample into a first portion and a second
portion before contacting the sample with the substrate;

adding a kallikrein protease inhibitor to the first portion of
the sample before contacting the sample with the
substrate; and

comparing substrate cleavage in the first portion with
substrate cleavage in the second portion, wherein a
difference in substrate cleavage is indicative of liver
damage.

19. The method of claim 18, wherein the kallikrein
protease inhibitor is PPACK II.

20. The method of claim 1, further comprising contacting
the sample with a prekallikrein detection reagent and detect-
ing interaction of the prekallikrein with the prekallikrein
detection reagent, wherein a difference in the level of the
prekallikrein is indicative of liver damage 1n the subject.

21. The method of claim 4, wherein the kallikrein binding
reagent comprises an anti-kallikrein antibody or an active
site reactive reagent.

22. A kit comprising a first container containing a kal-
likrein-like peptidase detection reagent.

23. A kit comprising a first container containing a kal-
likrein-like peptidase detection reagent and a second con-
tainer containing an alpha-2-macroglobulin detection
reagent.

24. A kit comprising a first container containing a kal-
likrein-like peptidase detection reagent and a second con-
tainer containing a C4a detection reagent or a C3a detection
reagent, or a combination thereof.

25. A method for monitoring the progression of liver
damage in a subject comprising:

contacting a first sample and a second sample with a
kallikrein-like peptidase detection reagent, wherein the
first sample is from a first timepoint and the second
sample is from a second timepoint, and wherein the
kallikrein-like peptidase detection reagent detects kal-
likrein-like peptidase; and

comparing the level of kallikrein-like peptidase in the first
sample and the second sample, wherein a change in the
relative quantity of the kallikrein-like peptidase is
indicative of a change in liver damage state.

26. The method of claim 25, wherein the kallikrein-like
peptidase is kallikrein.

27. The method of claim 26, further comprising contact-
ing the sample with a plasma peptidase or protease inhibitor
detection reagent.

28. The method of claim 27, wherein the inhibitor is
alpha-2-macroglobulin, C1 inhibitor or alpha-I antitrypsin
inhibitor or antithrombin.

29. The method of claim 28, wherein Kallikrein measured
by the method is bound to alpha-2-macroglobulin.

30. The method of claim 25, wherein the first sample and
the second sample are a plasma or a blood sample.

31. The method of claim 25, wherein the subject is a
mammal.
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32. The method of claim 25, wherein the subject is a
human.

33. The method of claim 25, wherein the subject is a
stable liver transplant patient.

34. The method of claim 26, wherein the subject is a
stable liver transplant patient.

35. The method of claim 25, wherein the subject has a
hepatitis infection.

36. The method of claim 35, wherein the subject has an
HCV infection.

37. The method of claim 35, wherein the subject has a
recurrent HCV infection.

38. The method of claim 35, wherein the subject has an
HBYV infection.

39. The method of claim 25, further comprising contact-
ing the first sample and the second sample with a C3a and
a C4a detection reagent.

40. The method of claim 39, further comprising deter-
mining a relative quantity of C3a and C4a by detecting the
amount of interaction of the C3a and C4a detection reagent
with C3a and C4a, respectively.

41. A method for detecting kallikrein in a sample, said
method comprising contacting the sample with an isolated
tri, tetra or penta peptide containing an arginine residue at
the P1 position, wherein the peptide comprises a peptidase
substrate.

42. The method of claim 41, wherein the peptide further
comprises a detectable moiety.

43. The method of claim 42, wherein the detectable
moiety is an enzyme, radioisotope, fluorescent compound,
colloidal metal, a chromogenic moiety, chemiluminescent
compound, phosphorescent compound, or bioluminescent
compound.

44. The method of claim 43, wherein the chromogenic
moiety is pNA.

45. The method of claim 41, wherein the sample is a
blood-based sample.

46. The method of claim 41, wherein the blood-based
sample is a plasma sample.

47. A method for determining toxicity of a therapeutic
agent in a subject comprising contacting a sample from the
subject with a kallikrein-like peptidase detection reagent and
determining a kallikrein-like peptidase level in the sample,
wherein an elevated kallikrein-like peptidase level indicates
toxicity of the therapeutic agent.

48. The method of claim 47, wherein the elevated kal-
likrein-like peptidase level is determined by comparing the
kallikrein-like peptidase level of the sample with a kal-
likrein-like peptidase level of a control not containing kal-
likrein-like peptidase.

49. The method of claim 47, wherein the kallikrein-like
peptidase is kallikrein.

50. The method of claim 47, wherein the kallikrein-like
peptidase detection reagent is a substrate cleaved by kal-
likrein.

51. The method of claim 47, wherein the kallikrein-like
peptidase detection reagent is a kallikrein binding reagent.

52. The method of claim 47, wherein the kallikrein
binding reagent comprises an anti-kallikrein antibody.

53. The method of claim 47, further comprising contact-
ing the sample with an alpha-2-macroglobulin detection
reagent.
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54. The method of claim 53, wherein kallikrein is bound
to alpha-2-macroglobulin, C1 inhibitor, antithrombin or
alpha 1 antitrypsin inhibitor.

55. The method of claim 47, wherein the first sample is a
blood or plasma sample.

56. The method of claim 47, wherein the subject is a
mammal.

57. Amethod for detecting liver damage in a subject, said
method comprising contacting a sample from the subject
with a series of detection reagents that are specific for each
member of a liver damage panel comprising kallikrein,
wherein an elevated level of one or more members of the
liver damage panel is indicative of liver damage in the
subject.

58. The method of claim 57, wherein the liver damage
panel comprises complement components.

59. The method of claim 58, wherein the liver damage
panel further comprises a mannan binding serine protease,
C1 esterase, serum amyloid protein, and C-reactive protein.

60. The method of claim 59, wherein the complement
components include C3a and C4a.

61. The method of claim 60 wherein the complement
components further include activated mannan binding serine
protease-1.

62. An in vitro method for screening a therapeutic agent
for toxicity, said method comprising:

incubating a liver cell cultured in cell culture medium
with the therapeutic compound to obtain sample cell
culture medium;

contacting the sample cell culture medium with a kal-
likrein-like peptidase detection reagent, wherein inter-
action of the kallikrein-like peptidase with the kal-
likrein-like peptidase detection agent is indicative of
therapeutic agent toxicity.

63. The method of claim 62, wherein the kallikrein-like
peptidase is kallikrein.

64. The method of claim 65, wherein the kallikrein-like
peptidase detection reagent is a substrate cleaved by kal-
likrein.

65. The method of claim 65, wherein the kallikrein-like
peptidase detection reagent is a kallikrein binding reagent.

66. The method of claim 65, wherein the kallikrein
binding reagent comprises an anti-kallikrein antibody.

67. The method of claim 63, further comprising contact-
ing the sample with an alpha-2-macroglobulin, C1 inhibitor,
antithrombin or alpha-1 antitrypsin detection reagent.

68. The method of claim 67, wherein kallikrein detected
by the method is bound to alpha-2-macroglobulin, C1
inhibitor, antithrombin or alpha-1 antitrypsin.

69. The method of claim 2, further comprising contacting
the sample with a C1 inhibitor detection reagent.

70. The method of claim 2, further comprising contacting
the sample with a alpha 1 antitrypsin detection reagent.

71. The method of claim 2, further comprising contacting
the sample with a antithrombin detection reagent.

72. The method of claim 42, wherein the detectable
moiety is an antibody that detects the action of kallikrein on
a peptide substrate.
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