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INTRODUCTION AND GENERAL CONSIDERATIONS

[0003] The human plasma proteome is a complex fluid that contains over 3000 individual
proteins and peptides that are present in quantities that range from picograms to tens of
milligrams per milliliter. The expression of specific proteins and specific changes in protein
expression levels can be associated with specific conditions, e.g., disease, stage or
progression of a condition, infection, etc. As such, analysis of protein levels and changes in
protein levels can provide information useful for purposes such as condition diagnosis and
therapeutic monitoring. In the clinical setting, certain diagnostic tests include obtaining
proteomic profiles of human body fluid collected from a patient. Such diagnostic tests search
for protein biomarkers or changes in expression of certain proteins found in body fluids, such
as plasma or serum, which can be easily obtained from patients using minimally invasive,

safe procedures.

[0004] A number of FDA-approved plasma and serum diagnostic assays currently exist;
for example, serum and plasma electrophoresis, and a variety of immunochemical assays can
be used to monitor the concentrations of specific proteins in plasma and serum. These
existing low-to-moderate resolution assays have had a practical impact on medical diagnosis.
Such assays can provide useful information at early stages of a disease, allowing for
intervention and improved outcomes for patients, with lower associated monetary costs.
However, specific protein levels or changes in protein levels associated with conditions of
interest can be small, relative to the overall levels of proteins in a given fluid sample. As
such, the sensitivity of a method for analyzing protein levels should be such that relatively

low levels and minor fluctuations can be detected.

[0005] Recent developments in proteomics have brought increased interest in the human
plasma and serum proteome as a source for biomarkers of human disease. Higher resolution
methods like 2-D electrophoresis and mass spectrometry, coupled with often elaborate
protocols for sample preparation and fractionation, have made it possible to identify apparent
changes in the composition of the less abundant proteins and peptides in plasma that correlate
with particular diseases. Typically no single protein emerges from such analyses as a wholly
reliable biomarker, but instead changes in the patterns of panels of proteins often serve as the
best diagnostic for a particular malady. These patterns often involve protein or peptide

components of plasma that are present in low concentrations.
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[0006] Interest in the array of existing proteins in a patient’s serum has thus evolved to
consider in more detail the low molecular weight peptides within serum, which represent a
mixture of small intact proteins plus degradation fragments of larger proteins. This low
molecular weight region of the serum proteome has been dubbed the “peptidome,” and has
been touted as a “treasure trove of diagnostic information that has largely been ignored...”
See Liotta and Petricoin, J. Clin. Invest. (2006), and Liotta, et al., Nature (2003). Although
some consider the peptidome “unidentified flying peptides” and have questioned the
reliability of peptidome SELDI (surface-enhanced laser desorption ionization) patterns as a
meaningful diagnostic until the functions of all of the peptide peaks in the peptidome have
been properly identified, mass spectrometry, in particular SELDI methods, have made the
peptidome accessible for analysis. See Anderson, Proteomics (2005). Many components of
the “peptidome” have been found to be complexed with more abundant serum proteins,
particular human serum albumin (HAS) and immunoglobulins. Such findings led to the
concept of an “interactome,” which introduces the added complexity that serum and plasma
can be “comprised of a ‘network’ of protein-protein and peptide-protein interactions,” in
which potential biomarkers are bound to the more abundant proteins within the fluid. See
Zhou, et al., Electrophoresis (2004). Interestingly, the paper that introduced the
“interactome” concept concludes by saying that “the discovery of novel biomarkers in
serum/plasma requires new biochemical and analytical approaches, and, most importantly, it
is clear that no single sample preparation or detection method will suffice if biomarker
investigations are to be broadly successful using current technologies.” See Zhou, et al.,

Electrophoresis, (2004).

[0007] Ten proteins make up 90% of the mass of plasma (by weight). These are, in order
of abundance: albumin, IgG, Fibrinogen, Transferrin, IgA, a,-macroglobulin, o;-antitrypsin,
complement C3, IgM and Haptoglobin. Another 12 proteins account for another 9% of the
plasma mass, the 3 most abundant of which are the apolipoproteins Al and B, and a,-acid
glycoprotein. Twenty-two proteins thus comprise 99% of the mass of plasma, making it

challenging to fractionate and quantify the remaining 1%.

[0008] The FDA-approved serum protein electrophoresis method monitors changes in the
most abundant protein population. See O’Connell, et al., Am. Fam. Physician (2005).

However, this method has sensitivity limitations and does not adequately detect changes in
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less-abundant proteins. Additionally, the equipment necessary for practicing this serum

protein electrophoresis method is costly to obtain and maintain.

[0009] More recently, 2-D gel electrophoresis and mass spectrometry assays have been
developed, which allow for detection of the least abundant components of plasma; however,
samples must be prepared by following laborious prefractionation protocols to rid the
plasma/serum of the proteins present in high concentrations. See Anderson, Proteomics
(2005); Anderson and Anderson, Electrophoresis (1991); Gygi and Acbersold, Curr Opin
Chem Biol (2000); Liotta, et al., JAMA (2001); Yates, Trends Genet (2000); and Adkin, et
al., Mol Cell Proteomics (2002). Additionally, these assays are time consuming and the

equipment necessary for practicing these methods can be costly to obtain and maintain.

[0010] Although, the human plasma proteome holds great promise as a convenient
specimen for disease diagnosis and therapeutic monitoring, existing assays and technologies
have various drawbacks, including sensitivity limitations, time and efficiency limitations, and
associated costs that can be prohibitive. Additionally, existing assays and technologies do
not fully exploit plasma as a source for biomarkers. For example, electrophoresis and mass
spectrometry both separate plasma proteins based on protein size and charge, but assays and

technologies based on other physical properties of protein are lacking.

[0011] Accordingly, there remains a need in the art for a method for obtaining proteomic
profiles of samples, which will address the above-mentioned drawbacks of existing
technologies. Additionally, a method with distinctive physical bases, relative to existing
technologies, could also be used as an adjunct to existing technologies by identifying unique

properties of the individual proteins within a sample.

SUMMARY

[0012] The presently-disclosed subject matter meets some or all of the above-identified
needs, as will become evident to those of ordinary skill in the art after a study of the

information provided in this document.

[0013] This Summary describes several embodiments of the presently-disclosed subject

matter, and in many cases lists variations and permutations of these embodiments. This
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Summary is merely exemplary of the numerous and varied embodiments. Mention of one or
more representative features of a given embodiment is likewise exemplary. Such an
embodiment can typically exist with or without the feature(s) mentioned; likewise, those
features can be applied to other embodiments of the presently-disclosed subject matter,
whether listed in this Summary or not. To avoid excessive repetition, this Summary does not

list or suggest all possible combinations of such features.

[0014] The presently-disclosed subject matter includes a method of diagnosing or
monitoring a condition of interest in a subject. In some embodiments, the method includes:
generating a signature thermogram containing a protein composition pattern for a sample
obtained from the subject; comparing the signature thermogram to a standard thermogram
selected from a negative standard thermogram containing a protein composition pattern
associated with an absence of the condition of interest, and a positive standard thermogram
containing a protein composition pattern associated with a presence of the condition of
interest; and identifying the subject as having the condition of interest or lacking the

condition of interest.

[0015] In some embodiments, the method further includes identifying the subject as
having the condition of interest when the signature thermogram is a good simulation of the
positive standard thermogram. In some embodiments, the method further includes
identifying the subject as having the condition of interest when the signature thermogram is a
good simulation of the positive standard thermogram, and the signature thermogram is a poor

simulation of the negative standard thermogram.

[0016] In some embodiments, the method further includes identifying the subject as
lacking the condition of interest when the signature thermogram is a poor simulation of the
positive standard thermogram. In some embodiments, the method further includes
identifying the subject as lacking the condition of interest when the signature thermogram is a
good simulation of the negative standard thermogram. In some embodiments, the method
further includes identifying the subject as lacking the condition of interest when the signature
thermogram is a poor simulation of the positive standard thermogram, and the signature

thermogram is a good simulation of the negative standard thermogram.

[0017] In some embodiments of the method, each standard thermogram is a group-

specific standard thermogram. In some embodiments, each group-specific standard
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thermogram is an ethnic group-specific standard thermogram. In some embodiments, each
ethnic group-specific standard thermogram is: a Hispanic-specific standard thermogram if the
subject is Hispanic; or a non-Hispanic-specific standard thermogram if the subject is non-

Hispanic.

[0018] In some embodiments, the condition of interest is cancer. In some embodiments,
the cancer is selected from: cervical cancer, endometrial cancer, lung cancer, melanoma,

multiple myeloma, ovarian cancer, and vulvar cancer.

[0019] In some embodiments the condition of interest is a stage of cervical cancer
selected from: moderate cervical dysplasia (CIN II), early stage cervical cancer, and stage

IVB cervical cancer.

[0020] In some embodiments, the condition of interest is an autoimmune disease. In
some embodiments, the autoimmune disease is selected from: rheumatoid arthritis, multiple

sclerosis, and systemic lupus.

[0021] In some embodiments, the condition of interest is caused by a bacterial infection.

In some embodiments, the condition is Lyme disease.

[0022] In some embodiments, the condition of interest is caused by a viral infection. In

some embodiments, the condition is selected from: Dengue fever, and hepatitis.

[0023] In some embodiments, the condition of interest is selected from: amyotrophic

lateral sclerosis (ALS), anemia, cardiac disease, diabetes, and renal disease.

[0024] In some embodiments, the method further includes comparing the signature
thermogram to multiple positive standard thermograms, and identifying the subject as having
the condition associated with the positive standard thermogram of which the signature
thermogram is a good simulation. In some embodiments, the positive standard thermogram
is associated with multiple sclerosis, and another of the positive standard thermograms is
associated with amyotrophic lateral sclerosis (ALS). In some embodiments, the multiple
positive standard thermograms include positive standard thermograms for different stages of

a condition of interest.

[0025] In some embodiments, the method further includes providing a second sample

obtained from the subject at a time point after the first sample is obtained; generating a
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second signature thermogram containing a protein composition pattern for the second
sample; comparing the first signature thermogram to the second signature thermogram; and
identifying the condition of interest as changed when the second signature thermogram is a
poor simulation of the first signature thermogram, or identifying the condition of interest as
being unchanged when the second signature thermogram is a good simulation of the first
signature thermogram. In some embodiments the method further includes comparing the
second signature thermogram to the negative standard thermogram, and identifying the
subject as lacking the condition of interest if the second signature thermogram is a good
simulation of the negative standard thermogram. In some embodiments, the method further
includes comparing the second signature thermogram to positive standard thermograms for
different stages of a condition of interest, and identifying the condition as progressing,

unchanged, or regressing in the subject.

[0026] The presently-disclosed subject matter includes a method of assessing a treatment
program for a subject. In some embodiments, the method includes providing a first sample
obtained from the subject at a first time point of interest; generating a first signature
thermogram containing a protein composition pattern for the first sample; providing a second
sample obtained from the subject at a second time point of interest; generating a second
signature thermogram containing a protein composition pattern for the second sample;
comparing the first signature thermogram to the second signature thermogram; and

identifying the presence or absence of a change in the condition of interest.

[0027] In some embodiments, the method further includes identifying the absence of a
change in the condition of interest when the second signature thermogram is a good

simulation of the first signature thermogram.

[0028] In some embodiments, the method further includes identifying the presence of a
change in the condition of interest when the second signature thermogram is a poor

simulation of the first signature thermogram.

[0029] In some embodiments, the first time point of interest occurs prior to the initiation
of the treatment program, and the second time point of interest occurs following the initiation
of the treatment program. In some embodiments, the method further includes comparing the
second signature thermogram to a standard thermogram selected from: a negative standard

thermogram containing a protein composition pattern associated with an absence of the
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condition of interest; and a positive standard thermogram containing a protein composition

pattern associated with a presence of the condition of interest.

[0030] The presently-disclosed subject matter includes a method of screening for a
composition useful for treating a condition of interest. In some embodiments, the method
includes administering to a subject infected with the condition of interest a candidate
treatment composition; providing a sample obtained from the subject; generating a signature
thermogram containing a protein composition pattern for the sample; comparing the signature
thermogram to a standard thermogram selected from: a negative standard thermogram
containing a protein composition pattern associated with an absence of the condition of
interest; and a positive standard thermogram containing a protein composition pattern
associated with a presence of the condition of interest; and determining the utility of the

candidate treatment composition.

[0031] The presently-disclosed subject matter includes a method of screening a
composition, e.g. candidate drug or treatment, for plasma protein interactions. In some
embodiments, the method includes interacting the composition with a first plasma sample;
generating a first signature thermogram containing a protein composition pattern for the first
plasma sample; comparing the first signature thermogram to a negative standard thermogram
containing a protein composition pattern associated with an absence of plasma protein
interactions; or a second signature thermogram generated using a second plasma sample not
interacted with the composition; and identifying the composition as lacking substantial
plasma protein interactions when the first signature thermogram is a good simulation of the

negative standard thermogram, or the second signature thermogram.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a schematic representation of an exemplary differential scanning
calorimeter (DSC), depicting sample (S) and reference (R) cells that are kept in thermal
balance by heaters controlled by feedback electronics as both cells are heated at a precisely

controlled rate (AT,);

[0033] FIG. 2 includes an exemplary thermogram for a two-state denaturation of a

protein;
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[0034] FIG. 3 includes thermograms obtained by DSC, including thermograms for
various individual proteins, as well as a thermogram of the weighted sum of the group of
individual proteins (solid lines representing 16 individual proteins, and the dashed line for the
sum); the individual proteins were weighted according to their actual known concentration in
plasma, and the individual proteins were then summed to yield the dashed line, which
compares well with actual experimental thermograms of plasma from healthy individuals as

shown in FIG. 8;

[0035] FIG. 4A includes two superimposed thermograms for “normal” subjects and for

subjects suffering from Lyme disease;

[0036] FIG. 4B includes the quantile plots obtained after integrating and normalizing the
thermograms of FIG. 4A;

[0037] FIG. 4C includes the quantile-quantile plot obtained by plotting the normal
quantile (x-axis) of FIG. 4B against the Lyme quantile (y-axis) of FIG. 4B;

[0038] FIG. 5 is a flow chart illustrating the steps involved in an exemplary method of

diagnosing a condition of interest in accordance with the presently-disclosed subject matter;

[0039] FIG. 6 is a flow chart illustrating the steps involved in an exemplary method of
assessing efficacy of a treatment program in accordance with the presently-disclosed subject

matter;

[0040] FIG. 7 is a flow chart illustrating the steps involved in an exemplary method of
screening for a composition useful for treating a condition of interest in accordance with the

presently-disclosed subject matter;

[0041] FIG. 8 includes an average thermogram of plasma calculated from samples
obtained from 15 normal subjects, where the average thermogram is the black solid line, the
standard deviation at each temperature is indicated by the gray shading, and where the

vertical dashed line is the first moment of the thermogram;

[0042] FIG. 9 includes thermograms for freshly-prepared plasma and serum samples, and

thermograms for freeze-thaw plasma and serum samples;
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[0043] FIG. 10 includes a series of thermograms for the denaturation of individual
purified plasma proteins, including o, -antitrypsin, transferrin, a,;-acid glycoprotein,
complement C3, c-reactive protein, haptoglobin, prealbumin, o;-macroglobulin, complement

C4, ay-antichymotrypsin, IgM, albumin, IgG, fibrinogen, IgA, and ceruloplasmin;

[0044] FIG. 11 includes Panel A, showing a series of thermograms (solid lines) for the
16 most abundant plasma proteins, and a calculated thermogram (dashed line) obtained from
the sum of the weighted contributions of the 16 most abundant plasma proteins; and Panel B,
showing thermograms obtained from mixtures of pure plasma proteins mixed at
concentrations that mimic their known average concentrations in normal plasma, where the
gray curve is a mixture of HSA, IgG, fibrinogen, and transferrin, and the black curve is a

mixture of the 16 most abundant plasma proteins;

[0045] FIG. 12 includes thermograms for samples in which albumin was removed from
serum, where Panel A shows an expected thermogram (dashed line) based on the weighted
sum of the most abundant proteins (solid lines) less HSA and fibrinogen, and where Panel B
shows the observed experimental thermogram for albumin-depleted serum, from which HSA

was removed by affinity chromatography using a SwellGel Blue™ albumin removal kit;

[0046] FIG. 13 includes a series of thermograms, where each panel compares normal
plasma with plasma associated with a condition of interest; in Panel A the condition is
systemic lupus; in Panel B the condition is Lyme disease; and in Panel C the condition is

Rheumatoid arthritis;

[0047] FIG. 14 is a bar graph showing the relative concentrations of the major plasma
proteins for normal and diseased plasma samples, where concentrations of the individual

proteins were normalized with respect to the total protein concentration;

[0048] FIG. 15 includes a series of densitometric scans from stained gels for normal

samples and samples associated with Rheumatoid arthritis, Lyme disease, and Lupus;

[0049] FIG. 16 is a thermogram showing the effect of added bromocresol green on a

plasma thermogram,;

[0050] FIG. 17 includes Panel A, having a series a plots showing the differences between

an average normal thermogram, and condition of interest thermograms, including Lupus

10
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(gray), Lyme disease (black), arthritis (thick black); and Panel B showing the difference
between an average normal thermogram, and a thermogram generated using a normal plasma

sample to which bromocresol green was added to a final concentration of 686 uM;

[0051] FIG. 18 includes Panel A, having plasma thermograms for a normal sample
(gray), and samples to which bromocresol green was added to final concentrations of 30 uM
(dashed), 148 uM (thick black), 290 uM (black) or 686 uM (circles); Panel C, having plots
showing the differences in the thermograms of Panel A; Panel B, having thermograms for an
HSA sample (gray), and an HSA sample to which bromocresol green was added to a final
concentration of 459 uM (thick black); and Panel D, having a plot showing the differences in

the thermograms of Panel B;

[0052] FIG. 19 includes a series of thermograms of samples from subjects with different
stages of cervical cancer, where the top panel includes a black trace showing normal plasma,
a gray trace showing a sample from a patient diagnosed with moderate cervical dysplasia
(CIN 1II), and a dashed black trace showing a sample of plasma from a diagnosed cervical
cancer patient, and where the bottom panel includes a single trace showing a thermogram for

plasma from a Stage IVB cervical cancer patient;

[0053] FIG. 20 includes results from serum plasma electrophoresis of the samples used
to obtain the data in FIG. 19, where the plasma protein fibrinogen is indicated by the
asterisk, and where only subtle differences are evident between the panels and the most
pronounced change is the relative increase in the globulin region of the electrophoresis

pattern seen for the stage VB sample (arrow);

[0054] FIG. 21 includes a series of thermograms generated using plasma samples
obtained from different subjects, where the top panel includes thermograms generated using
samples from four normal subjects, where the middle panel includes thermograms generated
using samples from four subjects diagnosed with moderate cervical dysplasia (CIN II), where
the bottom panel includes thermograms generated using samples from four subjects

diagnosed with cervical cancer;

[0055] FIG. 22 includes thermograms for normal subjects, and subjects diagnosed with

ovarian cancer, endometrial cancer, and uterine cancer;

[0056] FIG. 23 includes thermograms for subjects with melanoma;

11
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[0057] FIG. 24 includes thermograms of plasma obtained prospectively from diabetic
subjects exhibiting subsequent differences in future kidney function, and normal subjects
exhibiting good kidney function (Panel A), and a quantile-quantile plot, prepared using the
thermograms of Panel A (Panel B);

[0058] FIG. 25 includes thermograms of diabetic subjects with either minimal (CAD-) or

severe (CAD+) coronary artery disease, and normal subjects;

[0059] FIG. 26 includes thermograms of subjects with amyotrophic lateral sclerosis

(ALS), and normal subjects;

[0060] FIG. 27 includes an average thermogram generated using samples obtained from

100 normal subjects;
[0061] FIG. 28 includes a series of gender- and ethnic group-specific thermograms; and

[0062] FIG. 29 includes a series of quantile-quantile plots, prepared using the

thermograms presented in FIG. 28, which illustrate the variation with gender and ethnicity.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0063] The details of one or more embodiments of the presently-disclosed subject matter
are set forth in this document. Modifications to embodiments described in this document,
and other embodiments, will be evident to those of ordinary skill in the art after a study of the
information provided in this document. The information provided in this document, and
particularly the specific details of the described exemplary embodiments, is provided
primarily for clearness of understanding and no unnecessary limitations are to be understood
therefrom. In case of conflict, the specification of this document, including definitions, will

control.

[0064] While the following terms are believed to be well understood by one of ordinary
skill in the art, the following definitions are set forth to facilitate explanation of the presently-

disclosed subject matter.

[0065] Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art to which the

12
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presently-disclosed subject matter belongs. Although any methods, devices, and materials
similar or equivalent to those described herein can be used in the practice or testing of the
presently-disclosed subject matter, representative methods, devices, and materials are now

described.

[0066] Following long-standing patent law convention, the terms “a”, “an”, and “the”
refer to “one or more” when used in this application, including the claims. Thus, for

example, reference to “a cell” includes a plurality of such cells, and so forth.

[0067] Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as reaction conditions, and so forth used in the specification and claims are to
be understood as being modified in all instances by the term “about”. Accordingly, unless
indicated to the contrary, the numerical parameters set forth in this specification and claims
are approximations that can vary depending upon the desired properties sought to be obtained

by the presently-disclosed subject matter.

[0068] As used herein, the term “about,” when referring to a value or to an amount of
mass, weight, time, volume, concentration or percentage is meant to encompass variations of
in some embodiments £20%, in some embodiments £10%, in some embodiments +5%, in
some embodiments 1%, in some embodiments £0.5%, and in some embodiments +0.1%
from the specified amount, as such variations are appropriate to perform the disclosed

method.

[0069] The presently-disclosed subject matter includes a method of diagnosing a
condition of interest in a subject; a method of monitoring a condition of interest in a subject;
a method for assessing the efficacy of a treatment program for a subject; a method of
screening for compositions useful for treating a condition of interest; and a method of
screening a composition for plasma protein interactions, including tendency of the

composition to bind serum albumin.

[0070] As used herein, the term condition of interest refers to a variety of conditions. In
some embodiments, the condition of interest can be cancer, including but not limited to
cervical cancer, endometrial cancer, lung cancer, melanoma, multiple myeloma, ovarian
cancer, and vulvar cancer. In some embodiments, the condition of interest can be an
autoimmune disease, including but not limited to rheumatoid arthritis, multiple sclerosis, and

systemic lupus. In some embodiments, the condition of interest can be caused by an

13
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infection, such as a bacterial or a viral infection; such conditions include but are not limited
to Lyme disease, Dengue fever, and hepatitis. In some embodiments, the condition of
interest can be another condition, including but not limited to amyotrophic lateral sclerosis
(ALS), also known as Lou Gehrig’s discase, anemia, cardiac disease, diabetes, renal disease,
or plasma cell dyscrasias and related disorders. In some embodiments, the condition of
interest can be a particular stage of a condition, for example, a particular stage of cervical
cancer, such as moderate cervical dysplasia (CIN II), early stage cervical cancer, or stage

IVB cervical cancer.

[0071] As used herein, the term subject refers to both human and animal subjects. Thus,
veterinary therapeutic uses are provided in accordance with the presently-disclosed subject
matter. As such, the presently-disclosed subject matter provides for the treatment of
mammals such as humans, as well as those mammals of importance due to being endangered,
such as Siberian tigers; of economic importance, such as animals raised on farms for
consumption by humans or animals used for scientific research, such as rabbits, rats, and
mice; and/or animals of social importance to humans, such as animals kept as pets or in zoos.
Examples of such animals include but are not limited to: carnivores such as cats and dogs;
swine, including pigs, hogs, and wild boars; rodents such as guinea pigs and hamsters;
primates such as monkeys; arthropods including insects, arachnids and crustaceans; fish;
mollusks; ruminants and/or ungulates such as cattle, oxen, sheep, giraffes, deer, goats, bison,
and camels; and horses. Also provided is the treatment of birds, including the treatment of
those kinds of birds that are endangered and/or kept in zoos, as well as fowl, and more
particularly domesticated fowl, i.c., poultry, such as turkeys, chickens, ducks, geese, guinca
fowl, and the like, as they are also of economic importance to humans. Thus, also provided
is the treatment of livestock, including, but not limited to, domesticated swine, ruminants,

ungulates, horses (including race horses), poultry, and the like.

[0072] The methods of the presently-disclosed subject matter make use of a unique
calorimetric process for obtaining proteomic profiles of samples. Calorimetry provides a
direct means for detecting what is perhaps the most fundamental property of chemical and
biochemical reactions -- heat changes. Biological calorimetry dates from the time of
Lavoisier (1743 - 1794), who invented a calorimetric method for measuring the heats of

metabolism of living animals. The presently-disclosed subject matter can make use of the
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high sensitivity of modern microcalorimeters, which can reliably measure heat changes of

about 0.1 microcalories.

[0073] With reference to FIG. 1, an exemplary calorimeter that can be used in
accordance with the presently-disclosed subject matter is a differential scanning calorimeter
(DSC). In a typical DSC experiment, an aqueous solution of protein at a concentration of
about 1 mg/mL or less is heated at a constant rate in a sample calorimeter cell (S) alongside
an identical reference cell (R) that contains only the solvent (buffer). The electronics of the
calorimeter are designed to maintain an exact thermal balance between the sample and
references cells. Any chemical process in the sample cell that absorbs or releases heat results
in a thermal imbalance with the reference cell, which is compensated for by a feedback heater
attached to the calorimetric cells. The electrical power required to maintain the exact thermal
balance of the cells is directly proportional to the apparent heat capacity of the solutions, and
any change in the heat capacity is directly related to the energetics of the thermally-induced

reactions that occur within the sample cell.

[0074] Differential scanning calorimetry (DSC) can be used for thermodynamic studies
of protein denaturation. The thermodynamics of thermal-induced unfolding of proteins can
be measured as directly as possible by DSC. With reference to FIG. 2, a thermogram can be
obtained by DSC for a protein denaturation reaction, which expresses the excess heat
capacity as a function of temperature. The area under such a thermogram is, unambiguously
and directly, the enthalpy of the unfolding reaction. Integration of such a thermogram yields
a transition curve (“melting curve”) from which the fractions of folded and unfolded forms
can be calculated. The enthalpy obtained from the area of thermograms is independent of
any model for the denaturation reaction that occurs in the sample cell. Such a calorimetric
enthalpy provides a valuable alternative to enthalpy values obtained by use of the model-
dependent van't Hoff equation (AH = -(8InK/5T™") employing other methods, since no
detailed reaction mechanism needs to be assumed. In other words, the calorimetric
thermogram depends only on the initial and final states of the chemical system, and does not

depend upon the manner in which the system passes from one state to the other.

[0075] Every protein has, under a given set of buffer conditions, a characteristic
denaturation thermogram that is unique, and which provides a fundamental thermodynamic
signature for that protein. Thermograms can be more complex than the simple two-state

melting shown in FIG. 2. For more structurally complex proteins, individual structural
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domains within the tertiary structure can melt independently, leading to thermograms with

correspondingly more complex shapes with multiple “peaks.”

[0076] A primary DSC thermogram is an extensive property of a protein solution, and as
such it is directly proportional to the mass of the protein in solution. If the weight
concentration of the protein is doubled, for example, the calorimetric heat response will
double. Similarly, in a solution of mixtures of proteins, the heat response will be proportional
to the mass of each protein component in the mixture. Mixtures of proteins can be resolved
with respect to the fundamental characteristic melting curves of their component proteins.
Each protein in a noninteracting mixture will denature at its characteristic melting
temperature (T,,) and with its characteristic melting enthalpy. The observed overall
thermogram will be the weighted sum of all of the individual protein thermograms, weighted
according to the mass of each component. For example, FIG. 3 contains thermograms for
various individual proteins (solid lines), as well as a thermogram of the weighted sum of the

group of individual proteins (dashed line).

[0077] Samples obtained from subjects, ¢.g., human plasma/serum samples, include
mixtures of proteins. The presence of and the expression level of specific proteins in a
mixture of proteins found in a sample can be referred to as the proteomic profile of the
sample. The proteomic profile of a sample obtained from a subject having a condition differs
from the proteomic profile of a normal subject, i.c., condition-free subject. As such,
information about a subject of unknown status (having condition vs. normal/lacking
condition) can be obtained by comparing a thermogram generated from a sample obtained

from the subject to a thermogram generated from a sample associated with a known status.

[0078] Such thermograms have many advantages, for example: they are easily obtained
on unlabeled, underivitized, unfractionated plasma/serum samples; they consume only
modest amounts of sample; they are obtained relatively quickly; they are based on rigorous,
fundamental physical properties of proteins within the sample; they are quantitative, and
reflect the exact protein composition of the sample; the procedures for obtaining
thermograms are amenable to automated, high-throughput screening; and they provide a new
window for viewing plasma/serum composition, based on thermal stability rather than on

molecular weight and charge as is the case for electrophoresis and mass spectrometry.
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[0079] The methods of the presently-disclosed subject matter make use of signature
thermograms and standard thermograms. As used herein, the term signature thermogram
refers to a thermogram generated using a particular sample of interest. The sample of interest
is often a sample obtained from a particular subject. In some embodiments, a method is
provided for diagnosing or monitoring a condition of interest in a subject. In such
embodiments, the signature thermogram can be a thermogram generated using a sample
obtained from the subject being diagnosed or monitored. In some embodiments, a method of
screening a composition for use in treating a condition of interest in a subject is provided. In
such embodiments, the signature thermogram can be a thermogram generated using a sample
obtained from the subject receiving the composition. In some embodiments, it can be
desirable to obtain multiple signature thermograms. In such embodiments, the multiple
signature thermograms are generated using samples of interest that are related in a particular
manner. In such embodiments, samples of interest can be collected from the same subject (
i.e., samples related in that they are obtained from the same subject) at different time points

during the course of the treatment program.

[0080] As used herein, the term standard thermogram refers to a thermogram that is used
as a reference to which a signature thermogram can be compared. A standard thermogram
can be generated using a standard sample. A standard thermogram can be an average of
multiple thermograms generated using multiple standard samples. For example, twenty
standard samples can be obtained and a thermogram can be generated from each sample. The

twenty generated thermograms could then be averaged to generate a standard thermogram.

[0081] In some embodiments, it can be desirable to provide a negative standard
thermogram and/or a positive standard thermogram to which a signature thermogram can be
compared. A negative standard thermogram is generated using a negative standard sample.
For example, a negative standard thermogram can be generated using a sample known to be
associated with an absence of a condition of interest, ¢.g., a sample obtained from a subject
known not to have a condition of interest. A positive standard thermogram is generated using
a positive standard sample. For example, a positive standard thermogram can be generated
using a sample known to be associated with a presence of a condition of interest, e.g., a

sample obtained from a subject known to have a condition of interest.

[0082] The standard thermogram can be generated using a standard sample obtained from

a subject that is selected based on certain common characteristics relative to the subject. For
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example, if the subject from which a sample is obtained to generate a signature thermogram
is a mouse, then the standard sample can be obtained from a mouse. For another example, if
the subject from which a sample is obtained to generate a signature thermogram is a human,

then the standard sample can be obtained from a human.

[0083] In some embodiments, it can be desirable to provide a group-specific standard
thermogram to which a signature thermogram can be compared. A group-specific standard
thermogram is a standard thermogram generated using a standard sample obtained from a

member of the same identified group as the subject.

[0084] In some embodiments, when the subject is a member of a particular ethnic group
or race, it is desirable to provide a group-specific standard thermogram generated using a
sample obtained from a subject of the same ethnic group or race. For example, in some
embodiments, when the subject is of Hispanic origin, it is desirable to provide an ethnic
group-specific standard thermogram generated using a sample obtained from a subject of
Hispanic origin. Other identified groups can include, for example, groups including
members of African origin, of native American origin, of Asian origin, or of another ethnic
group. In some embodiments, a group is identified by virtue of having negative standard
thermograms that are good simulations of one another, i.e., where the standard thermograms
of subjects who are substantially free of discase, sickness, or infection are good simulations

of one another, a group can be identified to include these subjects.

[0085] In some embodiments, when the subject is a member of a particular sex, it can be
desirable to provide a group-specific standard thermogram generated using a standard sample
obtained from a subject of the same sex as the subject. For example, in some embodiments,
when the subject is a female, it is desirable to provide a group-specific standard thermogram
generated using a sample obtained from a female. In some embodiments, when the subject is
a male, it is desirable to provide a group-specific standard thermogram generated using a

sample obtained from a male.

[0086] A standard thermogram can be generated at a time point before, at a time point
concurrent with or close to, or at a time point after the generation of a signature thermogram
to which it will be compared. In some embodiments, it can be desirable to have a standard
thermogram prepared to compare with various future-generated signature thermograms. In

some embodiments, it can be desirable to provide a kit including one or more standard
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thermograms and instructions for generating signature thermograms for comparing with the

one or more standard thermograms.

[0087] When comparing thermograms in accordance with methods of the presently-
disclosed subject matter, they can be good simulations of one another or poor simulations of
one another. When comparing thermograms, when a first thermogram is not a good
simulation of a second thermogram, then it is a poor simulation of the second thermogram. A
first thermogram is a good simulation of a second thermogram when it has substantial
similarity to the second thermogram. In some embodiments, it is evident whether a first
thermogram has substantial similarity to the second thermogram by inspection of the
thermograms superimposed on one another, e.g., a signature thermogram superimposed on
graphs of the standard(s). For example, FIG. 4A depicts a first normal thermogram (e.g.,
negative standard thermogram) and a second Lyme disease thermogram (e.g., signature
thermogram) superimposed on one another. Upon inspection of the thermograms of FIG.
4A, it is evident that the first thermogram does not have substantial similarity to the second

thermogram, i.e., poor simulation.

[0088] One of ordinary skill in the art can use his or her knowledge to make appropriate

determinations of whether a substantial similarity can be found in particular situations.

[0089] In some embodiments, substantial similarity can be found when each of the peaks
of the first thermogram occur at about the same temperatures as each of the peaks of the
second thermogram. In some embodiments, substantial similarity can be found when the
peaks of the first thermogram occur at temperatures within one standard deviation of the
peaks of the second thermogram. In some embodiments, substantial similarity can be found
when the peaks of the first thermogram occur at temperatures within two standard deviations

of the peaks of the second thermogram.

[0090] In some embodiments, substantial similarity can be found when each of the peaks
of the signature thermogram yield about the same heat capacity as the peaks of the standard
thermogram. In some embodiments, substantial similarity can be found when the heat
capacity of the peaks of the signature thermogram is within one standard deviation of the heat
capacity of the peaks of the standard thermogram. In some embodiments, substantial
similarity can be found when the heat capacity of the peaks of the signature thermogram is

within two standard deviation of the heat capacity of the peaks of the standard thermogram.

19



WO 2008/089072 PCT/US2008/050876

[0091] In some embodiments, substantial similarity can be determined by application of
published statistical procedures, for example, quantile-quantile plots (Lodder and Hieftje
(1988)) can be used and/or a two-way Kolmogorov-Smirnov test can be used (Young
(1977)). Briefly, for these tests, the thermogram must be converted to a quantile distribution.
FIG. 4B depicts the quantile plots of the thermograms of FIG. 4A. Thermograms are
converted to quantile distributions by the following steps: (1) the thermograms are baseline
corrected and normalized thermograms are numerically integrated; (2) the integrated
thermogram is normalized to 1.0; and (3) the resultant quantile plot thus consists of paired
data points with temperature on the x axis and normalized quantile values on the y axis. To

compare two thermograms, they must share common x values.

[0092] To construct a quantile-quantile plot, the quantile values derived from one
thermogram is plotted against the quantile values derived from a second thermogram. FIG.
4C depicts a quantile-quantile plot generated using the quantile values of FIG. 4B, i.c.,
quantile for the first normal thermogram against the quantile for the second Lyme disease
thermogram. If the two original thermograms are identical the paired data points will liec on a
perfect straight line with a 45 degree angle from the origin. If the two original thermograms
are not identical, points will deviate from the 45 degree straight line. As shown in FIG. 4C,
the points for the Lyme disease quantile unambiguously and unacceptably deviate from the
45-degree straight line, indicating a poor simulation. In some embodiments, a first
thermogram can be determined to be substantially similar to the second thermogram when
the paired data points of the quantile-quantile plot lie on the 45 degree straight line, or have

an acceptable deviation from the 45 degree straight line.

[0093] The same quantile values used to construct the quantile-quantile plot can be used
to conduct a two-way Kolmogorov-Smirnov test, as implemented in standard statistical
software packages and as is available online on service web sites (See, e.g.,
http://www.physics.csbsju.edu/stats/KS-test.html). The Kolmogorov-Smirnov test is
designed to test the null hypothesis that two quantile distributions are not statistically
different. The test returns a P-value for the confidence level with which the null hypothesis
can be rejected. In this regard, in some embodiments, if the null hypothesis that the two
quantile distributions are not statistically different (are good simulations) is rejected, it can be

determined that the first thermogram is not substantially similar to the second thermogram.
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In some embodiments, the P-value is less than or equal to 0.5, 0.2, 0.1, 0.05, 0.02, 0.01,
0.005, 0.002, or 0.001.

[0094] By way of an example, when using the quantile values of FIG. 4B, a
Kolmogorov-Smirnov test yields the results that the maximum between the cumulative
distributions, D, is: 0.2028 with a corresponding P-value of less than 0.001, indicating that
the null hypothesis that there is no difference between these quantile distribution can be

rejected at the 99.999% confidence level, i.e., poor simulation.

[0095] In some embodiments of the presently-disclosed subject matter, a method of
diagnosing or monitoring a condition of interest in a subject is provided. With reference to
FIG. 5, in some embodiments, a method of diagnosing or monitoring a condition of interest
in a subject 100 includes, providing a sample obtained from the subject 102, generating a
signature thermogram containing a protein composition pattern for the sample 104,
comparing the signature thermogram to a standard thermogram 106, and identifying the
subject as having the condition of interest 112 or identifying the subject as lacking the

condition of interest 118.

[0096] As will be understood by those skilled in the art, the sample obtained from the
subject 102 can be any appropriate biological sample, such as a body fluid. Appropriate
body fluids include, ascites fluid, blood, cerebral spinal fluid, serum, peritoneal fluid, plasma,
saliva, senovial fluid,, ocular fluid, urine, and the like. As will be understood by those
skilled in the art, in some cases it can be desirable to select the type of sample being collected
based on the selected condition of interest. For example, in some embodiments when the

condition of interest is ALS, it can be desirable to obtain a cerebral spinal fluid sample.

[0097] In some embodiments, an obtained sample can be prepared in the following
manner. A blood sample is drawn from the subject and plasma or serum is isolated from the
blood using known methods. A small volume of about 100 uL of plasma or serum is
dialyzed at about 4°C against a standard buffer (e.g., 10 mM potassium phosphate, 150 mM
NacCl, 0.38% (w/v) sodium citrate, pH 7.5 for plasma; 10 mM potassium phosphate, 150 mM
NaCl, pH 7.5 for serum). Dialyzed plasma or serum is filtered to remove particulates and

then diluted about 25-fold into the standard buffer.

[0098] With continued reference to FIG. 5, the prepared sample can be used to generate a

signature thermogram containing a protein composition pattern for the sample 104. The
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sample is run on a differential scanning calorimeter (DSC) to obtain a thermogram for the
sample. A differential scanning calorimeter (DSC) can be obtained from MicroCal, LLC
(Northampton, MA), for example, the MicroCal, LLC VP Capillary Differential Scanning
Calorimeter can be used. Any differential scanning calorimeter (DSC) with the requisite
sensitivity, temperature range, scanning rate, and baseline stability could be used in
accordance with the methods of the presently-disclosed subject matter. Examples of other
instruments that would be suitable include: Calorimetric Sciences Corporation’s N-DSCII
Differential Scanning Calorimeter, TA Instruments Incorporated’s Q2000 Differential
Scanning Calorimeter, and Perkin Elmer Corporation's Diamond DSC Differential Scanning
Calorimeter. Newly designed instruments that might become available with the requisite
sensitivity, temperature range, scanning rate, and baseline stability could also be used to
practice the methods of the presently-disclosed subject matter. For example, Energetic
Genomics Corporation’s 96-well differential scanning calorimeter that is under development,
and for which a prototype instrument is available to the inventors, could be used to practice
the methods of the presently-disclosed subject matter. Standard software and protocols can

be used to obtain a thermogram for the sample with the selected DSC.

[0099] Using the MicroCal, LLC DSC as an example, a sample volume of approximately
0.4 mL is needed for liquid-handling for proper filling of the sample cell, although the
effective cell volume is only approximately 0.133 mL. Each DSC run takes about 1-2 hours
to complete. Total protein concentrations of the diluted sample can be determined by
standard colorimetric, spectrophotometric, or refractometric methods. These concentrations
can be used to normalize experimental thermograms to a g/L protein concentration scale.
This normalized thermogram shows the “Excess Specific Heat Capacity” as a function of
temperature for a plasma/serum sample (See, e.g., the dashed line thermogram of FIG. 3).
Such a thermogram provides a specific signature for a particular sample that provides a

snapshot of the protein composition of the sample.

[0100] With continued reference to FIG. 5, once the signature thermogram is generated,
it can be compared to a standard thermogram 106. To minimize uncontrolled variables, the
sample used to generate the signature thermogram should be prepared in the same manner as
the sample used to generate the standard thermogram. Similarly, the calorimeter, software,
and protocols used to generate the signature thermogram should be substantially the same as

those used to generate the standard thermogram. The standard thermogram can be a negative
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standard thermogram 108, in that it is associated with an absence of the condition of interest.
The negative standard thermogram can be generated using a sample obtained from a subject
who is “normal,” i.e., condition-free. In some cases the sample can have been obtained from
the subject at a time when that subject was known to be condition-free. The standard
thermogram can also be a positive standard thermogram 110, in that it is associated with a
presence of the condition of interest. The positive standard thermogram can be generated
using a sample obtained from a subject who has the condition of interest. In some cases the
sample can have been obtained from the subject at a time when that subject was known have
the condition. In some embodiments, the signature thermogram can be compared to both a

negative standard thermogram and a positive standard thermogram.

[0101] In some embodiments, the subject can be identified as having the condition of
interest 112 when the signature thermogram is compared to a negative standard thermogram,
and is found to be a poor simulation of the negative standard thermogram 114. In some
embodiments, the subject can be identified as having the condition of interest 112 when the
signature thermogram is compared to a positive standard thermogram, and is found to be a
good simulation of the positive standard thermogram 116. In some embodiments, the subject
can be identified as having the condition of interest 112 when the signature thermogram is
compared to a positive standard thermogram and a negative standard thermogram, and is
found to be a good simulation of the positive standard thermogram 116 and a poor simulation

of the negative standard thermogram 114.

[0102] In some embodiments, the subject can be identified as lacking the condition of
interest 118 when the signature thermogram is compared to a negative standard thermogram
and is found to be a good simulation of the negative standard thermogram 120. In some
embodiments, the subject can also be identified as lacking the condition of interest 118 when
the signature thermogram is compared to a positive standard thermogram and is found to be a
poor simulation of the positive standard thermogram 122. In some embodiments, the subject
can also be identified as lacking the condition of interest 118 when the signature thermogram
is compared to a negative standard thermogram and a positive standard thermogram, and is
found to be a good simulation of the negative standard thermogram 120 and a poor

simulation of the positive standard thermogram 122.

[0103] In some embodiments, the subject can be identified as having a condition, albeit

unidentified for the time being, when the signature thermogram is found to be a poor
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simulation of the negative standard thermogram. Upon such a finding, the signature
thermogram can then be compared to positive standard thermograms associated with

conditions of interest in order to make a diagnosis.

[0104] In some embodiments, the signature thermogram can be compared to multiple
positive standard thermograms, e.g., a database including multiple positive standard
thermograms, each positive standard thermogram being associated with a particular condition
of interest. The positive standard thermogram that most resembles the signature thermogram
can be selected. The subject can be identified as having the condition associated with the
positive standard thermogram that most resembles the signature thermogram. In some
embodiments, the method can be useful to distinguish between two conditions having initial
symptoms that are difficult to distinguish; for example, in some embodiments, the method

can be used to distinguish multiple sclerosis and ALS in a subject.

[0105] As will be understood by those of ordinary skill in the art, it can sometimes be
desirable to obtain multiple samples from the subject at various time points, in order to
monitor the condition of interest. For example, in some embodiments, a second sample can
be obtained from the subject at a time point after the first sample is obtained. A second
signature thermogram containing a protein composition pattern for the second sample can be
generated. The first signature thermogram can be compared to the second signature
thermogram. The condition of interest can be identified as changed when the second
signature thermogram is a poor simulation of the first signature thermogram. The condition
of interest can be identified as unchanged when the second signature thermogram is a good

simulation of the first signature thermogram.

[0106] In some embodiments, the second signature thermogram can also be compared to
a negative standard thermogram. If the second signature thermogram is a good simulation of
the negative standard thermogram, for a subject that had previously been identified as having
a particular condition, the subject can be identified as having improved to the point of lacking
the condition. In some embodiments, the second signature thermogram can also be compared
to various positive standard thermograms associated with different stages of a particular
condition. In this regard, it can be determined whether the condition is progressing, i.c.,

becoming more severe, or regressing, i.e., improving,
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[0107] With reference now to FIG. 6, the presently-disclosed subject matter includes a
method of assessing efficacy of a treatment program for a subject 200. As used herein, a
treatment program includes a plan for treating a subject or providing treatment to a subject.
As used herein, the terms treatment or treating relate to any treatment of a condition of
interest, including but not limited to prophylactic treatment and therapeutic treatment. As
such, the terms treatment or treating include, but are not limited to: preventing the
development of a condition of interest; inhibiting the progression of a condition of interest;
arresting or preventing the development of a condition of interest; reducing the severity of a
condition of interest; ameliorating or relieving symptoms associated with a condition of
interest; and causing a regression of the condition of interest or one or more of the symptoms
associated with the condition of interest. As will be understood by those of ordinary skill in
the art, a treatment program can differ depending on the condition of interest and the subject
being treated. A treating physician can select a particular treatment program based on the
condition of interest, and the particular subject being treated. Depending on the situation, a
treatment program could include, for example, administering a treatment composition or a
series of treatment compositions, administering a radiation treatment, prescribing an altered
diet, prescribing a particular exercise regimen, prescribing low activity or rest, a combination

thereof, etc.

[0108] In some embodiments, a method of assessing efficacy of a treatment program for
a subject 200 includes the following: obtaining a first sample from the subject prior to the
initiation of the treatment program 202, obtaining a second sample from the subject following
the initiation of the treatment program 204, generating a first signature thermogram using the
first sample 206, generating a second signature thermogram using the second sample 208,
comparing the first signature thermogram to the second signature thermogram 210, and

identifying the presence or absence of a change in the condition of interest 214, 218.

[0109] The first sample is obtained from the subject before initiation of the treatment
program 202 and is used to generate a first signature thermogram containing a protein
composition pattern 206. In some embodiments, the subject has a condition of interest when
the first sample is collected. In some embodiments, the subject does not have a condition of
interest, but there is otherwise a reason for receiving a treatment program, as will be
understood by those of ordinary skill in the art. For example, a subject lacking a condition of

interest, but having a risk for obtaining the condition of interest could receive a treatment
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program, the efficacy of which can be assessed using the method of the presently-disclosed

subject matter.

[0110] The second sample is obtained from the subject following the initiation of the
treatment program 204 and is used to generate a second signature thermogram containing a
protein composition pattern 208 associated with the treatment program of the subject. For
example, the treatment program could include administration of a treatment composition and
the second sample could be obtained after the subject has been receiving the treatment
composition for a day, week, month, or other time period of interest. For another example,
the treatment program could include providing radiation treatment and the second sample
could be obtained after the subject has been receiving the radiation treatment for a specific
period of time. In any event, the second sample is obtained at a time point of interest after
the treatment program has been initiated. Additional samples can be obtained at different
time points of interest to generate a time course describing the effect of the treatment

program on the subject.

[0111] The signature thermograms are generated 206, 208 by running the samples on a
differential scanning calorimeter (DSC) to obtain thermogram for the samples. Once the
signature thermograms are generated, they are compared to one another 210. To minimize
uncontrolled variables, the sample used to generate the first signature thermogram should be
prepared in the same manner and be of the same type as the sample used to generate the
second signature thermogram. Similarly, the calorimeter, software, and protocols used to
generate the signature thermogram should be substantially the same as those used to generate

the standard thermogram.

[0112] When the signature thermograms are compared and the second signature
thermogram is found to be a good simulation of the first signature thermogram 216, then the
treatment program can be identified as having not changed the condition of the subject 218,

i.e., absence of a change.

[0113] When the signature thermograms are compared and the second signature
thermogram is found to be a poor simulation of the first signature thermogram 212, then the
treatment program can be identified as having changed the condition of the subject 214, i.e.,

presence of a change.
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[0114] As will be understood by those of ordinary skill in the art, depending on the goal
of the treatment program, an absence or a presence of a change can be indicative of an
effective or an ineffective treatment program. As such, the determination of whether the
presence or absence of a change is indicative of an effective treatment program will differ

depending on the goal of the treatment program.

[0115] In some embodiments, when there is an absence of a change, the treatment
program can be identified as an effective treatment program. In some embodiments, when
there is an absence of a change, the treatment program can be identified as an ineffective
treatment program. For example, if a prophylactic treatment program is administered to a
subject lacking a condition of interest, with a goal of preventing an onset of the condition of
interest, an absence of a change in the condition of the subject can be indicative of an
effective (successful) treatment program. For another example, if a therapeutic treatment
program is administered to a subject having a condition of interest, an absence of a change in
the condition of the subject can be indicative of an effective treatment program if the goal is
to prevent progression of the condition, or an ineffective treatment program if the goal is to

cause a regression of the condition.

[0116] In some embodiments, when there is a presence of a change, the treatment
program can be identified as an effective treatment program. In some embodiments, when
there is a presence of a change, the treatment program can be identified as an ineffective
treatment program. For example, in some embodiments, a prophylactic treatment program is
administered to a subject who initially lacked a condition of interest; in such embodiments, a

change in the condition can be indicative of an ineffective treatment program.

[0117] In some embodiments, it is apparent by inspecting the thermograms whether a
change is indicative of an effective or an ineffective treatment program, e.g., change
indicative of a regression of a condition, or a progression of a condition, as will be
understood by those of ordinary skill in the art. In some embodiments, it can be desirable to
additionally compare the signature thermogram to one or more standard thermograms. For
example, in some embodiments a treatment program is administered to a subject who initially
had a condition of interest; in such embodiments, a change in the condition can be indicative
of either a regression or a progression of the condition. In such cases, as will be understood
by those of ordinary skill in the art, it can be useful to additionally compare the second

signature thermogram to one or more standard thermograms. For example, if the second
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signature thermogram is a good simulation of a negative standard thermogram, then the
change can be indicative of a regression. In some embodiments, it can be useful to compare
the second signature thermogram to a series of positive standard thermograms, each
associated with a particular stage of the condition of interest. Such comparisons can also
provide information about whether a change in the condition is indicative of a progression or

a regression of the condition.

[0118] With reference now to FIG. 7, the presently-disclosed subject matter includes a
method of screening for a composition useful for treating a condition of interest 300. In
some embodiments, the method includes: interacting a sample associated with the condition
of interest with a candidate treatment composition 302, generating a signature thermogram
containing a protein composition pattern for the sample 304, comparing the signature
thermogram to a standard thermogram 306, and determining the utility of the candidate

treatment composition 314, 318, 324.

[0119] With regard to the step of interacting a sample associated with the condition of
interest with a candidate treatment composition 302, in some embodiment, the candidate
treatment composition can be administered to an infected subject 302. The subject can be
any appropriate test subject, for example, a mouse, a rat, a rabbit, or another appropriate test
subject. In some embodiments, the candidate treatment composition can be administered to a
subject that is a model for a condition of interest, e.g., mouse model for a particular
condition. The candidate composition can be administered by any appropriate method,
depending on the characteristics of the composition being screened. A sample, e.g., body
fluid sample, can then be obtained from the test subject for use in generating the signature
thermogram. In some embodiments, the step of interacting a sample associated with the
condition of interest with a candidate treatment composition includes administering the
candidate treatment composition to cells in culture, which cells have been infected with or
are otherwise associated with the condition of interest. A sample can then be extracted from
the cells for use in generating the signature thermogram. The signature thermogram
containing a protein composition pattern for the sample can be generated 304 using a

differential scanning calorimeter (DSC).

[0120] With continued reference to FIG. 7, once the signature thermogram is generated,
it can be compared to a standard thermogram 306. To minimize uncontrolled variables, the

sample used to generate the signature thermogram should be prepared in the same manner
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and obtained from the same species as the sample used to generate the standard thermogram.
Similarly, the calorimeter, software, and protocols used to generate the signature thermogram

should be substantially the same as those used to generate the standard thermogram.

[0121] The standard thermogram can be a negative standard thermogram 308, in that it is
associated with an absence of the condition of interest. The negative standard thermogram
can be generated using a sample associated with an absence of the condition of interest, e.g.,
a sample obtained from a subject who is “normal,” or condition-free. In some embodiments,
the negative standard sample can be obtained from a subject administered the candidate
treatment composition, in which case it is obtained prior to the infection of the subject and

prior to administration of the candidate treatment composition.

[0122] The standard thermogram can also be a positive standard thermogram 310, in that
it is associated with a presence of the condition of interest. In some embodiments, the
positive standard thermogram can be generated using a sample obtained from a subject who
has the condition of interest. In some embodiments, the positive standard sample can be
obtained from the subject administered the candidate treatment composition, in which case it
is obtained after the subject is infected and prior to administration of the candidate treatment

composition.

[0123] In some embodiments, the signature thermogram is a good simulation of the
negative standard thermogram 312 associated with an absence of the condition of interest,

and the candidate treatment composition can be identified as being useful 314.

[0124] In some embodiments, the signature thermogram is a good simulation of the
positive standard thermogram 316 associated with a presence of the condition of interest. It
can then be determined whether the candidate treatment composition is either useful for
preventing a progression of the condition, or is ineffective if the goal is to cause a regression

of the condition 318.

[0125] In some embodiments, the signature thermogram is a poor simulation of the
negative standard thermogram 320 and/or a poor simulation of the positive standard
thermogram 322. It can then be determined whether the candidate treatment composition is
cither useful for causing a regression of the condition, useful for preventing a progression of
the condition, or is ineffective, i.e., not treatment affected, or causes a progression of the

condition 324.
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[0126] In order to make the determination of whether the candidate treatment
composition is useful for causing a regression of the condition, useful for preventing a
progression of the condition, or is ineffective, it can be desirable to obtain a series of samples
collected over time, for use in generating a series of signature thermograms. The series of
signature thermograms can be compared to identify any changes. In some embodiments, it is
apparent by inspecting the series of signature thermograms whether a change is indicative of
an effective or an ineffective treatment program. For example, if the series of signature
thermograms display a trend towards a good simulation of the negative standard thermogram,
then it can be determined that the candidate treatment composition causes a regression of the
condition. For another example, if the series of signature thermograms display no change,
then it can be determined that the candidate treatment composition prevents a progression of
the condition. For another example, if the series of signature thermograms display a trend
towards a good simulation of the positive standard thermogram, then it can be determined
that the candidate treatment composition neither causes a regression of the condition nor

prevents a progression of the condition, i.e., ineffective.

[0127] In some embodiments, it can be desirable to additionally compare the signature
thermogram to one or more standard thermograms. In some embodiments, the series of
signature thermograms can be compared to one or more positive standard thermograms
associated with different stages of a condition of interest. For example, if the condition of
interest is cervical cancer, standard thermograms associated with moderate cervical dysplasia
(CIN 1I), early stage cervical cancer, and stage VB cervical cancer could be provided. The
series of signature thermograms could be used to determine whether the candidate treatment
composition affects a regression of the cervical cancer from stage IVB cervical cancer, to
early stage cervical cancer, to moderate cervical dysplasia; a progression from moderate

cervical dysplasia, to early stage cervical cancer, to stage IVB cervical cancer; or no change.

[0128] In some embodiments, the candidate treatment composition can be administered
to a test subject before the test subject has been infected with the condition of interest. The
subject can then be infected, samples obtained, and thermograms generated. The
thermograms can be compared to determine the ability of the candidate treatment

composition to prevent or inhibit an onset or progression of a condition of interest.

[0129] The presently-disclosed subject matter further includes a method of screening a

composition, e.g. candidate drug or treatment, for protein interactions, to identify and/or
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monitor the capacity of the composition to interact with protein. In some embodiments, the
method includes: interacting the composition with a sample; generating a signature
thermogram containing a protein composition pattern for the first sample; comparing the
signature thermogram to a thermogram containing a protein composition pattern associated
with an absence of protein interactions; identifying the candidate composition as lacking
substantial plasma protein interactions when the first signature thermogram is a good
simulation of the thermogram containing a protein composition pattern associated with an

absence of protein interactions.

[0130] In some embodiments, the thermogram containing a protein composition pattern
associated with an absence of protein interactions can be a negative standard thermogram. In
some embodiments, the thermogram containing a protein composition pattern associated with
an absence of protein interactions can be a second signature thermogram generated using a

second sample not interacted with the composition.

[0131] In some embodiments, the sample is a plasma sample or a serum sample. In such
embodiments, the method can be used to identify and/or monitor capacity of composition,
e.g., candidate drug, to bind serum albumin and/or other serum or plasma protein

interactions.

[0132] During drug development and efficacy studies, it can be desirable to identify and
monitor interactions between a compound of interest (e.g., drug candidate) and components
of plasma. For example, it will be appreciated by those of ordinary skill in the art that it can

be desirable to identify and/or monitor a compound of interest for binding to serum albumin.

[0133] The presently-disclosed subject matter is further illustrated by the following
specific but non-limiting examples. The following examples may include compilations of
data that are representative of data gathered at various times during the course of

development and experimentation related to the presently-disclosed subject matter.

EXAMPLES

[0134] Reproducible Thermogram for normal plasma. F1G. 8 shows an average
thermogram obtained from plasma samples from 15 normal subjects. The thermogram
displays multiple peaks and shoulders, yet is surprisingly simple, given the complexity of the

plasma proteome. The average thermogram is shown as the black trace, and the standard
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deviation from the mean appears as the shaded region of FIG. 8. The standard deviation of
the data is low, and is comparable to the range in values observed in normal subjects for the
concentrations of individual plasma proteins (Craig (2004)). Human serum albumin, for
example, has a normal reference range of approximately 35 to 55 g/L, dependent on age and
gender (Craig (2004)). This analysis indicates that thermograms from normal subjects are
highly reproducible. As noted below, the thermograms for samples associated with various
conditions of interest all deviate beyond the range of normal values of the thermogram of

FIG. 8, and their patterns must be considered to be significantly different from normal.

[0135] The average normal thermogram in FIG. 8 shows clear peaks at 50.8, 62.8 and
69.8°C. The area under the thermogram is 5.02 + 0.23 cal g, and defines the specific
enthalpy for the denaturation of normal plasma over the range 45-90°C. The first moment of
the thermogram with respect to the temperature axis is 67.4 £ 0.8°C. The sample size used in
these studies is appropriate for exploratory preclinical studies, and, indeed, is on par with the

numbers expected for a Phase I clinical trial (Motulsky (1995)).

[0136] In order to establish that frozen samples can be thawed and used in accordance
with the methods of the presently-disclosed subject matter, thermograms were generated for
freshly prepared samples, and compared to thermograms generated using samples that were
thawed after being frozen. With reference to FIG. 9 (Pancl A), the solid gray line shows the
thermogram of the thawed plasma sample (after being frozen at -20°C), and the solid black
line shows the thermogram for the freshly-prepared plasma sample. The differences are well
within the standard deviation obtained for the average normal thermogram. With reference to
FIG. 9 (Panel B), solid gray line shows the thermogram of the thawed serum sample (after
being frozen at -20°C), and the solid black line shows the thermogram for the freshly-
prepared serum sample. Again, the differences are well within the standard deviation
obtained for the average normal thermogram. Note the small transition ~ 51 °C in the plasma

representing the melting of one domain of fibrinogen; this peak is absent in serum.

[0137] Normal plasma thermogram is the weighted sum of the denaturation of individual
plasma proteins. Applicants hypothesized that the thermogram seen in FIG. 8 arises from
the denaturation of the individual proteins within plasma, and represents the sum of
individual protein denaturation reactions weighted according to their concentrations within

plasma.
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[0138] This hypothesis was tested in two ways. With reference to FIG. 10, individual
thermograms for the denaturation of the sixteen (16) most abundant plasma proteins were
determined. FIG. 10 includes a series of thermograms of individual purified plasma proteins.
The top panel shows superimposed thermograms for a-antitrypsin (black), transferrin
(circles), ay-acid glycoprotein (dashed), complement C3 (thick black) ,and c-reactive protein
(crosses). The middle panel shows thermograms for haptoglobin (crosses), prealbumin
(circles),an-macroglobulin (thick black), complement C4 (black), a-antichymotrypsin
(gray), and IgM (dashed). The bottom panel shows thermograms for albumin (black), IgG
(dashed), fibrinogen (thick black), IgA (circles), and ceruloplasmin (crosses). These
thermograms display a range of denaturation temperatures, and differences in the
complexities of their denaturation reactions. Many of these thermograms show multiple
peaks, indicative of complex denaturation reactions, while other thermograms are consistent

with simple two-state melting behavior.

[0139] FIG. 11 (Panel A) shows the calculated plasma thermogram obtained by simple
summation of the individual thermograms for the 16 most abundant plasma proteins after
weighting their contribution according to their known average concentrations in normal
plasma (Craig (2004)). Multicomponent analysis was used. A tacit assumption in this
exercise is that there are no interactions among these proteins that might alter their thermal
denaturation. The resultant shape of the calculated thermogram mimics that of the

experimental one seen in FIG. 8, in support of the Applicants’ hypothesis.

[0140] Referring now to FIG. 11 (Panel B), as a second test, mixtures of pure individual
plasma proteins were prepared, and their thermograms determined by DSC. A mixture
containing the 16 most abundant plasma proteins at their average concentrations found in
normal plasma yields a thermogram whose shape mimics that of actual plasma (black curve
of FIG. 11 (Panel B)). A mixture with only the four (4) major components (HSA, IgG,
fibrinogen and transferrin) yields a thermogram that closely matches the observed normal,

but which lacks subtle features (gray curve of FIG. 11 (Panel B)).

[0141] The data presented in FIG. 11 show that the normal thermogram is dominated by
contributions from those four proteins. The small peak at 50.8°C can be unambiguously
assigned to a transition in fibrinogen. The major peak at 62.8°C primarily reflects the
denaturation of unligated HSA, with a contribution from haptoglobin. The peak a 69.8°C and

the shoulders at higher temperature arise primarily from IgG.
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[0142] Thermograms of HSA-depleted serum. FI1G. 12 shows the results from
experiments in which albumin was removed from serum by affinity chromatography. (Serum
differs from plasma primarily by the absence of fibrinogen, which is removed when plasma is
allowed to clot.) FIG. 12 (Panecl A) shows an expected thermogram (dashed line) obtained
by calculating the weighted sum of the most abundant proteins (solid lines), minus HSA and
fibrinogen. FIG. 12 (Panel B) shows the observed experimental thermogram for albumin-
depleted serum. The agreement between the shape of the calculated and observed
thermograms is excellent. Apart from confirming the major contribution by HSA to the peak
at 62.8°C in plasma thermograms, these data show that the contributions of other plasma

proteins to thermograms can be amplified for more detailed study.

[0143] Distinctive thermograms for samples associated with a condition of interest.
Plasma samples for subjects suffering from various conditions were obtained from BBI
Diagnostics (West Bridgewater, MA). For comparison, plasma samples from 15 normal
subjects were studied. Thermograms were obtained and compared as described herein, and
the results are shown in FIG. 13. Shading indicates the standard deviation of the excess
specific heat capacity at each temperature. The thermograms of diseased plasma (dashed
lines) are distinctly different from thermograms obtained for plasma from normal subjects
(solid lines). In addition, the thermograms for the diseased plasmas differ from one another,
each showing distinctive patterns. FIG. 13 specifically compares average thermograms for
subjects with three different conditions (rheumatoid arthritis, Lyme disease, systemic lupus)
with the average normal thermogram. As noted, each discase appears to display a signature
thermogram that differs from other diseases. In all cases, the 62.8°C peak associated with
HSA is greatly diminished, and the thermograms are shifted to higher temperatures. The
solid vertical line is the first moment of the normal thermogram and the dashed vertical line

is the first moment of the diseased thermogram.

[0144] FIG. 13 (Panel A) shows the thermogram for lupus. The first moment shifts from
the normal value of 67.5 to 71.5°C. A sharp peak near 61°C is evident that would be

consistent with an elevation in haptoglobin concentration.

[0145] The thermogram for Lyme disease (FIG. 13 (Panel B)) is distinct from that seen
for systemic lupus. The first moment at 73.15°C is higher still, and the shape of the

thermogram clearly differs from both normal and lupus thermograms.
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[0146] FIG. 13 (Panel C) shows yet another distinctive thermogram for subjects
suffering from rheumatoid arthritis. That thermogram is characterized by a first moment of
67.9°C, only slightly higher than normal, but with distinct changes in the shape relative to
normal that are well beyond the standard deviations in the two thermograms. These
collective results establish that embodiments of the methods of the presently-disclosed
subject matter are useful and efficacious as clinical diagnostic tools. Thermograms can at a
glance distinguish diseased states from normal, and have the potential for providing
signatures for any specific condition of interest. The samples sizes used in these studies

conform to the accepted standards for exploratory preclinical studies (Motulsky (1995)).

[0147] Origin of the altered thermograms. What causes the dramatic alterations in
thermograms seen in FIG. 13? One possibility is that the concentrations of the major
proteins in plasma are changed. This possibility was tested by experiments, and it was found
that such is not the case. FIG. 14 shows the concentrations of the major plasma proteins for
the same samples shown in FIG. 13. The data show that the protein composition of plasma
from diseased subjects is in most cases indistinguishable from normal concentration values.
Plasma from lupus patients represents a slight exception, with samples showing elevated
concentrations of haptoglobin, IgA and IgM. Notably, albumin concentrations are normal for
all of the diseased states, even though the thermogram peak at 62.8°C that is characteristic of

albumin is absent or greatly diminished in diseased samples (FIG. 13).

[0148] FIG. 15 shows protein electrophoresis patterns for normal plasma and the
diseased states. Only subtle variations can be seen when comparing these traces, in contrast
to the dramatic shifts in thermograms seen in FIG. 13. These data reveal a distinct advantage
of the methods described herein. While whatever is present in plasma in the diseased state
that differentiates samples from normal does not seem to drastically alter the concentrations
or the sizes and charges of the plasma proteins (as revealed by electrophoresis), it does exert

dramatic effects on the thermal propertics of the proteins.

[0149] The most likely explanation for the shifts in the thermograms in FIG. 13 is that it
results from binding interactions that involve the most abundant plasma proteins, particularly
albumin. This view is consistent with the “interactome” hypothesis, that suggests that
peptide and protein biomarkers specific for a particular disease are not free in plasma, but

rather are bound to albumin or the immunoglobins. Such binding would result in thermal
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stabilization of the protein to which the biomarkers are bound, and a drastic alteration of the

plasma thermogram with respect to normal. That is exactly what is seen in FIG. 13.

[0150] In order to test the hypothesis that shifted thermograms result from interactions,
the following study was performed. Bromocresol green is a small organic molecule that
binds to Site T of human serum albumin (HSA) with a binding constant of 7 x 10> M (Peters
(1996)). The consequences of such binding on plasma thermograms was studied by spiking a
normal plasma sample with 30 micromolar bromocresol green. That concentration

corresponds to roughly 1 equivalent of the compound per HSA protein molecule.

[0151] With reference to FIG. 16, the bromocresol green spike causes the plasma
thermogram to shift to higher temperatures, in this case because the thermal denaturation of
HSA is stabilized by binding of the small molecule. This test shows that addition of small
components to plasma can in fact drastically alter the plasma thermogram, even though the
actual melting of the added component can not itself be seen. The alteration results from

stabilization of one or more of the more abundant components.

[0152] The results of another study are shown in FIG. 17, which indicate that the binding
of bromocresol green to HSA within normal plasma mimic the effects of putative biomarker
binding. FIG. 17 (Panel A) shows “difference thermograms” for diseased states, obtained by
subtracting the normal thermogram from the diseased thermograms seen in FIG. 13. These
difference plots feature a negative peak near 62°C, attributable to a shift in HSA denaturation
to higher temperatures. Positive difference peaks are evident at 70°C and higher, attributable
to denaturation of ligated HSA (or other proteins). Such behavior can be mimicked by
addition of bromocresol green (FIG. 17 (Panel B)). FIG. 17 (Panel B) shows a difference
thermogram calculated from normal plasma samples with and without added bromocresol
green. (More details of experiments showing the effects of bromocresol green on plasma and
pure HSA are shown in FIG. 18). The shape of the difference thermogram is qualitatively
similar to those seen for diseased plasma samples, suggesting that the “interactome”
hypothesis has merit, and provides a plausible explanation for shifts in thermograms

observed in FIG. 13.

[0153] The shifts in denaturation transition curves that accompany ligand binding to
protein are well understood, and have been explained by a number of specific statistical

mechanical and thermodynamic models (Brandts (1990) and Schellman (1958)). The effects
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of binding on the magnitude and exact shape of a melting transition curve depends precisely
on the ligand binding affinity, enthalpy, and stoichiometry. Complex multiphasic transition
curves can result from partial saturation. Peptide biomarkers in plasma could produce a
myriad of thermogram shapes, depending on the exact proteins (and protein binding sites)
that they occupy, and their affinity. The interactions of multiple unique biomarkers with
different plasma proteins could produce unique, characteristic thermograms that reflect the
underlying complexity of the interactions. While calorimetry may not sense signals arising
from the denaturation of the biomarkers themselves, it is uniquely sensitive to interactions of

these biomarkers with the more abundant plasma proteins.

[0154] Distinctive thermograms for samples associated with additional conditions of
interest. Plasma samples were obtained from subjects diagnosed with cervical cancer
(samples obtained from a gynecological cancer tissue bank maintained at the University of
Louisville). Thermograms were generated using the cervical cancer samples. The samples
were associated with either moderate cervical dysplasia (CIN II), early stage cervical cancer,
or stage IVB cervical cancer. With reference to FIG. 19, it was surprisingly found that
unique thermograms are generated for particular stages of cervical cancer. As the condition
progresses, the thermograms change. Compared to normal plasma, there are distinctive shifts
in the thermograms as the disease progresses from moderate cervical dysplasia, through early
stage cervical cancer, to the critically ill stage IVB cervical cancer. The changes in the
thermograms are unique for each stage, and their patterns are further distinct in detail from

the diseased states (lupus, Lyme disease, arthritis) shown in FIG. 13.

[0155] Aliquots of these identical samples were also analyzed by the FDA approved
serum protein electrophoresis assay. Densitometric scans of the stained gels are shown for
comparison in FIG. 20. In comparison to the DSC thermograms, these electrophoretic scans
show only subtle changes throughout the progression of the cancer. Standard quantitative
analysis of the electrophoresis did not reveal any dramatic systematic changes in the
concentrations of protein fractions. This comparison indicates that thermograms reveal
differences in plasma that are not readily visible by traditional serum plasma electrophoresis,
indicating that the methods of the presently-disclosed subject matter are valuable

complements to existing procedures.

[0156] For the cervical cancers, thermograms were generated for several samples from

the gynecological tissue bank. Samples from four normals, four CIN II cervical dysplasia,
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and four diagnosed cervical cancers were studied. These results are plotted in FIG. 21 and
depict the reproducibility of the thermograms. The data for the diagnosed cervical cancers
clearly show one pronounced outlier. These samples were originally ran blind, using
deidentified samples without knowing the exact diagnoses. Upon identification of the outlier
thermogram, it was subsequently identified as being from a stage IVB patient, late in
progression, and clinically distinct from the other samples that had been provided. This
provided an unexpected illustration of the present method’s ability to distinguish between

particular stages of the disease.

[0157] Using methods described herein, thermograms are obtained using plasma samples
from normal subjects and from subjects diagnosed with a variety of cancers in order to
explore and discover the range of patterns resulting from these diseases. Deidentified plasma
samples are obtained from a tissue bank maintained at the University of Louisville. This
resource maintains “discard” pieces of benign, premalignant, and malignant gynecological
tissues for each patient donor, along with pre- and post-operative blood and urine samples,
and ascites fluid (when possible). Plasma is prepared from blood samples by standard

methods and was stored at -80°C.

[0158] With reference to FIG. 22, thermograms were generated using samples from
subjects diagnosed with ovarian cancer, endometrial cancer, and uterine cancer. The solid
black line is the average thermogram from 10 normal female subjects; the open triangles
show the average thermogram from 12 subjects with ovarian cancer; the solid gray line is the
average thermogram from 8 subjects with endometrial cancer; the open circles show the
average thermogram from 2 subjects with uterine cancer. These results indicate that ovarian
cancer, endometrial cancer, and uterine cancer yield unique thermograms, that are distinct
from normal thermograms, distinct from each other, and distinct from the thermograms

associated with other conditions, e.g., cervical cancer, arthritis, lupus, Lyme disease.

[0159] With reference to FIG. 23, thermograms were generated using samples from
subjects diagnosed with melanoma. The solid black lines correspond to thermograms of
samples obtained from subjects that have undergone successful treatment for melanoma and
show no evidence of disease. The solid gray lines correspond to thermograms obtained from
subjects with advanced melanoma. These results indicate that different stages of melanoma
progression could yield unique thermograms. These results further indicate that melanoma

thermograms are distinct from normal thermograms, and distinct from the thermograms
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associated with other conditions. These results further illustrate that the utility of
embodiments of the method of the presently-disclosed subject matter for assessing or
monitoring a treatment program, i.e., note the distinction between the thermograms
associated with advanced melanoma, and the thermograms associated with successful
treatment of melanoma, as well as the trend of the successful treatment thermograms towards

a good simulation of a normal thermogram.

[0160] Using methods described herein, thermograms are obtained using plasma samples
from normal subjects and from subjects diagnosed with a variety of conditions. With
reference to FIG. 24, thermograms were generated using samples obtained prospectively
from diabetic subjects exhibiting subsequent differences in future kidney function. Panel A
shows average thermograms from two groups of subjects grouped on the basis of kidney
function. The solid black line shows an average thermogram from 17 subjects with good
kidney function, and the solid gray line is an average thermogram from 15 subjects exhibiting
a decline in kidney function. Panel B shows a quantile-quantile plot. This is a graphical
technique for determining if two data sets come from populations with a common
distribution. If the two sets come from a population with the same distribution they will lie
along the 45-degree reference line. The greater the departure from this reference line, the
greater the evidence for the conclusion that the two data sets have come from populations
with different distributions. Note the deviations from the 45-degree reference line. These

results indicate that yet another condition-of-interest yields a unique thermogram.

[0161] With reference to FIG. 25, thermograms were generated using samples from
diabetic subjects with either minimal (CAD-) or severe (CAD+) coronary artery disease. The
solid black lines correspond to CAD- patients and the solid gray lines to CAD+ patients.
These results provide further evidence that each unique condition can yield a unique

thermogram, useful for the methods of the presently-disclosed subject matter.

[0162] With reference to FIG. 26, thermograms were generated using samples from
subjects with amyotrophic lateral sclerosis (ALS). The solid black line corresponds to the
average thermogram obtained from 9 normal subjects; the solid gray line corresponds to the
average thermogram obtained from 9 subjects with ALS disease. These results provide still
further evidence that each unique condition can yield a unique thermogram, useful for the

methods of the presently-disclosed subject matter.
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[0163] Gender-specific and ethnic group-specific thermograms were studied. With
reference to FIG. 27, an average normal thermogram was generated using samples obtained
from 100 normal subjects. The subjects were between the ages of 18 and 61, and included:
25 white males, 25 white females, 10 black males, 10 black females, 15 Hispanic males, and

15 Hispanic females. The gray shaded area is the standard deviation for each temperature.

[0164] With reference to FIG. 28, the data were separated to generate a series of gender-
and ethnic group-specific thermograms. The solid squares represent the average thermogram
obtained from 25 white males, the open squares represent the average thermogram obtained
from 25 white females, the solid triangles represent the average thermogram obtained from
10 black males, the open triangles represent the average thermogram obtained from 10 black
females, the solid circles represent the average thermogram obtained from 15 hispanic males,
the open circles represent the average thermogram obtained from 15 hispanic females. It is
apparent from inspection of the thermograms that there is a difference in the thermograms of

Hispanic subjects, as compared to the thermograms of the other subjects.

[0165] Turning now to FIG. 29, quantile-quantile plots are generated using data
presented in FIG. 28. FIG. 29 (Panel A) shows a quantile-quantile plot of the differences
between ethnicities. This plot shows the differences in distribution between the average
thermograms for white males and males of other ethnicity. The circles represent differences
between white and black males and the triangles represent differences between white and
hispanic males. It can be seen that the average thermogram for hispanic males is
significantly different from that for both white and black males. FIG. 29 (Panel B) shows a
quantile-quantile plot of the differences between gender. Here quantile-quantile plots are
constructed between males and females of the same ethnicity. The squares represent white
subjects, the circles represent black subjects and the triangles represent hispanic subjects. It

can be seen that there is negligible differences between genders of the same ethnicity.

[0166] The data set forth in FIG. 28 and FIG. 29 indicate that, in some embodiments of
the presently-disclosed subject matter, it can be desirable to use Hispanic-specific standard
thermograms when a Hispanic subject is involved, i.e., Hispanic subject being monitored,
diagnosed, etc. Similarly, in some embodiments, it can be desirable to use non-Hispanic-

specific standard thermograms when a non-Hispanic subject is involved.
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[0167] The results of the studies described herein indicate that the methods of the
presently-disclosed subject matter are extremely sensitive to binding interactions between
proteins. Changes in low-abundance “biomarkers” of conditions of interest that cannot be
detected by known methods such as mass spectroscopy or 2-dimensional electrophoresis can

be detected with sensitivity using the methods of the presently-disclosed subject matter.

[0168] The methods of the presently-disclosed subject are sensitive not only to changes
in protein compositions in a noninteracting mixture, but also to interactions resulting from
increased concentrations of smaller components (e.g., “biomarkers”) that would themselves
not be directly observed. In either case, reproducible signature changes in thermograms

relative to normal samples are seen.

[0169] Normal thermograms and thermograms for specific conditions of interest are
reproducible and distinct. A thermogram for a specific condition of interest is different than
a normal thermogram, and is also different than thermograms for other conditions of interest,
i.e., they are poor simulations of one another. Each condition of interest has a distinctive and
characteristic thermogram. Indeed, in some embodiments, different stages of a condition of
interest have distinctive and characteristic thermograms. Therefore, the methods of the
presently-disclosed subject matter have beneficial clinical utility and research utility.
Benefits of the methods include, the sensitivity, simplicity, non-invasive sample collection,
ability to work with low-volume samples, ease of sample preparation, and the capacity for

high-throughput.
[0170] Materials and Methods

[0171] Pure protein samples. Human serum albumin (HSA) (lot # 113K7601),
immunoglobulin G (IGG) (lot # 415781/1), immunoglobulin A (IGA) (lot# 105K3777), al-
acid glycoprotein (AAG) (lot # 073K7607), a.l-antitrypsin (AAT) (lot # 033K7603),
fibrinogen (FIB) (lot # 083K7604), transferrin (TRF) (lot # 123K14511), haptoglobin (HPT)
(lot # 055K 1664) and immunoglobulin M (IGM) (lot # 016K4876) were purchased from
Sigma-Aldrich Chemical Co. (St. Louis, MO). al-Antichymotrypsin (ACT) (lot # B58700),
complement C3 (C3) (lot # D33204), complement C4 (C4) (ot # D34721), ceruloplasmin
(CER) (lot # B70322), a2-macroglobulin (A2M) (lot # B73605) and prealbumin (PRE) (lot #
B68296) were purchased from Calbiochem. C-reactive protein (CRP) (lot # 32F0305FP) was

purchased from Life Diagnostics.
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[0172] Manufactured mixtures. By using available purified plasma proteins, solution
mixtures of any desired composition can be made and thermograms for these preparations
can be obtained. Such is done, in order to match experimental thermograms of normal and
diseased plasma/serum samples. This approach allows for an exploration of the effects of

individual components on thermogram shape.

[0173] Standard reference serum. A serum reference material (sample # 16910) was
purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO). A standardized human serum
sample can be provided with a certificate of analysis that includes certified values for the
concentrations (g/L) of the 15 most abundant proteins, along with the uncertainty in the
concentration determination. Concentrations of each sample are determined on the same
sample independently by multiple different laboratories. Each sample is provided as a
lyophilized portion under nitrogen, and a strict standardized protocol for reconstitution of the
material is provided. Thermograms obtained for such materials are useful for
multicomponent analysis, since the protein concentrations that are being sought by the
numerical analyses procedure are precisely known for the experimental sample. The

goodness of fits can thus be rigorously evaluated.

[0174] Plasma samples. Normal plasma samples (lot # JA053759, JA053761, JA053763,
JA053764, JA053765, JA053766, JC014372, IM034968, IM034969, IM034970, IM034971)
were purchased from Innovative Research (Southfield, MI) and were also obtained from the
Gynecological Cancer Repository of the James Graham Brown Cancer Center. Plasma from
subjects suffering from Lyme disease (lot # BM146897, BM140032, BM140031,
BM140028), systemic lupus erythematosis (lot # BM 142168, BM142160) and rheumatoid
arthritis (lot # BM204810, BM205222, BM203373, BM202803, BM200182) were purchased
from BBI Diagnostics (West Bridgewater, MA).

[0175] Sample preparation. IGM, C3, C4 and CRP were purchased as solutions in buffer,
lyophilized to dryness and then re-constituted in a smaller volume of ultrapure water (18.2
MQ-cm) to yield a concentration suitable for DSC. PRE, A2M, CER, ACT were purchased
as a powder lyophilized from buffer and were reconstituted with ultrapure water. HSA, IGG,
IGA, AAG, AAT, FIB, TRF and HPT were reconstituted with 10 mM potassium phosphate,
150 mM NaCl, pH 7.5. Reference serum was reconstituted according to the guidelines. Pure
proteins and reference serum were dialyzed for 24 h at 4°C against 10 mM potassium

phosphate, 150 mM NaCl, pH 7.5 to ensure complete solvent exchange. Pure proteins were

42



WO 2008/089072 PCT/US2008/050876

diluted with dialysate to a concentration suitable for DSC. Reference serum was diluted 25-
fold with the dialysate. Plasma samples (100 uL) were dialyzed for 24 h at 4°C against 10
mM potassium phosphate, 150 mM NacCl, 0.38 % (w/v) sodium citrate, pH 7.5 to ensure
complete solvent exchange then diluted 25-fold with the same buffer. All samples (0.45
micron, cellulose acetate or polyethersulfone) and buffers (0.22 micron, polyethersulfone)
were filtered before use. Pure protein concentrations were quantitated spectrophotometrically
using the following extinction coefficients (€280; L-1-g -1-cm-1): HSA, 0.53; 1GG, 1.38;
IGA, 1.32; AAG, 0.89; AAT, 0.53; FIB, 1.55; TRF, 1.12; HPT, 1.2; IGM, 1.18; ACT, 0.62;
C3,0.97; C4, 0.92; CER, 1.49; A2M, 0.893; PRE, 1.41; CRP, 1.95.

[0176] DSC protocol. An automated capillary Differential Scanning Calorimeter (DSC)
(MicroCal, LLC, Northampton, MA) was used for the studies described herein. Samples and
dialysate were stored in 96-well plates at 5°C until being loaded into the calorimeter using
the robotic attachment. Scans were recorded from 20-110°C at 1°C/min using the mid
feedback mode, a filtering period of 2 s and with a pre-scan thermostat of 15 min. Data were
analyzed using Origin 7.0. Sample scans were first corrected for the instrument baseline by
subtracting an appropriate buffer scan. Nonzero baselines were then corrected by applying a
linear baseline fit. Scans were finally normalized for the gram concentration of protein. For
the pure protein samples, protein concentrations were determined spectrophotometrically as
outlined herein. Total protein concentrations of the reference serum and plasma samples
were measured by the bicinchoninic acid method (Pierce, Rockford, IL). Thermograms were

plotted as Excess Specific Heat Capacity (cal/°C.g) versus temperature.

[0177] Clinical Laboratory Testing. Both total protein and the concentration of the
individual major serum proteins are measured, for example, immunoglobulins G, A and M,
transferrin, haptoglobin, prealbumin, complement factors C3 and C4, ceruloplasmin,
apolipoproteins Al and B, al-antitrypsin, al-acid glycoprotein, and C-reactive protein. In
addition, serum (or plasma) protein electrophoresis is performed on each sample. All of
these assays are performed by FDA approved, standard clinical laboratory procedures. The
concentrations of the specific serum proteins and the SPE patterns are correlated with the

thermograms determined by the methods described herein.

[0178] Lipoproteins (HDL, LDL, VLDL, and chylomicrons) are more complex than the
other serum proteins. They contain not only the apolipoproteins, but also cholesterol and

triglyceride, as well as other minor components. The lipoproteins are likely to cause a
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significant signal in the thermogram patterns. Therefore, cholesterol and triglyceride of the
samples are also measured. Cholesterol and triglyceride is measured on the Vitros by

enzymatic methods.

[0179] C-reactive protein (CRP) is normally present at a low concentration, which is
unlikely to contribute to the thermogram pattern. However, during the acute phase reaction,
which is common among sick patients, the concentration of CRP can be high enough to be

detectable by the methods described herein.

[0180] Clinical assay methods. Protein electrophoresis was performed on agarose gels
using the SPIFE 3000 and scanned with the QUICKSCAN 2000 (Helena Laboratories,
Beaumont, TX). Total protein was measured by the biuret method on the Ortho Vitros 950
(Vitros) (Ortho-Clinical Diagnostic, Rochester, NY) chemistry analyzer. Albumin was
measured on the Vitros by the bromocresol green dye binding assay or by an
immunoturbidometric assay on the Cobas Integra 800 (Integra) (Roche, Indianapolis, IN).
Albumin concentrations were also determined from the fraction percent on the protein
electrophoresis assay along with the total protein concentration. Specific serum proteins
(IGG, IGA, TRF, HPT, IGM, C3, C4, PRE, CRP) were measured by immunoturbidimetry on
the Integra.

[0181] Column depletion experiments. Reference serum was depleted of HSA using the
SwellGel Blue™ albumin removal kit with some minor modifications to the manufacturer’s
protocol (Pierce, Rockford, IL). The serum sample was diluted 10-fold into 10 mM
potassium phosphate, pH 7.5 in order to achieve salt conditions and albumin concentrations
required for good column binding. Diluted serum (200 pL) was applied to a column
containing 2 Swellgel™ discs. An HSA-depleted fraction was obtained following the
standard protocol. A single 200 uL volume of the supplied binding/wash buffer was used to
obtain a wash fraction. Finally, an eluted HSA fraction was obtained from a single 200 puL
addition of the supplied elution buffer. In order to obtain a greater volume of each fraction
for subsequent experiments, multiple columns were run using an identical protocol and each
of the fractions pooled. Fractions for DSC analysis were dialyzed for 24 h at 4°C against 10
mM potassium phosphate, 150 mM NaCl, pH 7.5 and diluted as necessary with dialysate.
DSC scans were performed on an N-DSC II instrument (Calorimetry Sciences Corporation,
Provo, UT) from 20-110°C at 1°C/min with a pre-scan equilibration time of 10 min. Data

were analyzed using Origin 7.0.
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CLAIMS
What 1s claimed is:

1. A method of diagnosing or monitoring a condition of interest in a subject, comprising:
generating a signature thermogram containing a protein composition pattern for a sample
obtained from the subject; and
comparing the signature thermogram to a standard thermogram selected from:
a negative standard thermogram containing a protein composition pattern
associated with an absence of the condition of interest; and
a positive standard thermogram containing a protein composition pattern
associated with a presence of the condition of interest; and
identifying the subject as having the condition of interest or lacking the condition of

interest.

2. The method of claim 1, further comprising: identifying the subject as having the
condition of interest when the signature thermogram is a good simulation of the positive standard

thermogram.

3. The method of claim 2, further comprising: identifying the subject as having the
condition of interest when the signature thermogram is a good simulation of the positive standard
thermogram, and the signature thermogram is a poor simulation of the negative standard

thermogram.

4. The method of claim 1, further comprising: identifying the subject as lacking the
condition of interest when the signature thermogram is a poor simulation of the positive standard

thermogram.

5. The method of claim 1, further comprising: identifying the subject as lacking the
condition of interest when the signature thermogram is a good simulation of the negative

standard thermogram.
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6. The method of claim 5, further comprising: identifying the subject as lacking the
condition of interest when the signature thermogram is a poor simulation of the positive standard
thermogram, and the signature thermogram is a good simulation of the negative standard

thermogram.

7. The method of claim 1, wherein each standard thermogram is a group-specific standard

thermogram.

8. The method of claim 7, wherein each group-specific standard thermogram is an ethnic

group-specific standard thermogram.

9. The method of claim 8, wherein each ethnic group-specific standard thermogram is: a
Hispanic-specific standard thermogram if the subject is Hispanic; or a non-Hispanic-specific

standard thermogram if the subject is non-Hispanic.
10. The method of claim 1, wherein the condition of interest is cancer.

11. The method of claim 10, wherein the cancer is selected from: cervical cancer,
endometrial cancer, lung cancer, melanoma, multiple myeloma, ovarian cancer, and vulvar

cancer.

12. The method of claim 10, wherein the condition of interest is a stage of cervical cancer
selected from: moderate cervical dysplasia (CIN 1), early stage cervical cancer, and stage IVB

cervical cancer.
13. The method of claim 1, wherein the condition of interest is an autoimmune discase.

14. The method of claim 13, wherein the autoimmune disease is selected from: rheumatoid

arthritis, multiple sclerosis, and systemic lupus.

15. The method of claim 1, wherein the condition of interest is caused by a bacterial
infection.

16. The method of claim 15, wherein the condition is Lyme disease.

17. The method of claim 1, wherein the condition of interest is caused by a viral infection.
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18.  The method of claim 17, wherein the condition is selected from: Dengue fever, and
hepatitis.
19. The method of claim 1, wherein the condition of interest is selected from: amyotrophic

lateral sclerosis (ALS), anemia, cardiac disease, diabetes, and renal disease.

20. The method of claim 1, further comprising comparing the signature thermogram to
multiple positive standard thermograms, and identifying the subject as having the condition
associated with the positive standard thermogram of which the signature thermogram is a good

simulation.

21. The method of claim 20, wherein one of the positive standard thermograms is associated
with multiple sclerosis, and another of the positive standard thermograms is associated with

amyotrophic lateral sclerosis (ALS).

22. The method of claim 20, wherein the multiple positive standard thermograms include

positive standard thermograms for different stages of a condition of interest.

23. The method of claim 1, further comprising:

providing a second sample obtained from the subject at a time point after the first sample
is obtained;

generating a second signature thermogram containing a protein composition pattern for
the second sample;

comparing the first signature thermogram to the second signature thermogram; and

identifying the condition of interest as changed when the second signature thermogram is
a poor simulation of the first signature thermogram, or identifying condition of interest as being
unchanged when the second signature thermogram is a good simulation of the first signature

thermogram.

24. The method of claim 23, further comprising comparing the second signature thermogram
to the negative standard thermogram, and identifying the subject as lacking the condition of
interest if the second signature thermogram is a good simulation of the negative standard

thermogram.
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25. The method of claim 23, further comprising comparing the second signature thermogram
to positive standard thermograms for different stages of a condition of interest, and identifying

the condition as progressing, unchanged, or regressing in the subject.
26. The method of claim 1, wherein the sample is a plasma sample or a serum sample.

27. A method of assessing a treatment program for a subject, comprising:
providing a first sample obtained from the subject at a first time point of interest;
generating a first signature thermogram containing a protein composition pattern for the
first sample;
providing a second sample obtained from the subject at a second time point of interest;
generating a second signature thermogram containing a protein composition pattern for
the second sample;
comparing the first signature thermogram to the second signature thermogram; and

identifying the presence or absence of a change in the condition of interest.

28. The method of claim 27, further comprising identifying the absence of a change in the
condition of interest when the second signature thermogram is a good simulation of the first

signature thermogram.

29. The method of claim 27, further comprising identifying the presence of a change in the
condition of interest when the second signature thermogram is a poor simulation of the first

signature thermogram.

30. The method of claim 27, wherein the first time point of interest occurs prior to the
initiation of the treatment program, and the second time point of interest occurs following the

initiation of the treatment program.

31. The method of claim 30, and further comprising:
comparing the second signature thermogram to a standard thermogram selected from:
a negative standard thermogram containing a protein composition pattern

associated with an absence of the condition of interest; and
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a positive standard thermogram containing a protein composition pattern

associated with a presence of the condition of interest.

32. The method of claim 27, wherein the samples are plasma samples or serum samples.
33. A method of screening for a composition useful for treating a condition of interest,
comprising:

administering to a subject infected with the condition of interest a candidate treatment
composition;
providing a sample obtained from the subject;
generating a signature thermogram containing a protein composition pattern for the
sample;
comparing the signature thermogram to a standard thermogram selected from:
a negative standard thermogram containing a protein composition pattern
associated with an absence of the condition of interest; and
a positive standard thermogram containing a protein composition pattern
associated with a presence of the condition of interest; and

determining the utility of the candidate treatment composition.

34. A method of screening a composition for plasma protein interactions, comprising:
interacting the composition with a first plasma sample;
generating a first signature thermogram containing a protein composition pattern for the
first plasma sample;
comparing the first signature thermogram to
a negative standard thermogram containing a protein composition pattern
associated with an absence of plasma protein interactions; or
a second signature thermogram generated using a second plasma sample not
interacted with the composition; and
identifying the composition as lacking substantial plasma protein interactions when the
first signature thermogram is a good simulation of
the negative standard thermogram, or

the second signature thermogram.
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