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(57) ABSTRACT

A proteomic expression platform to identify age-related sep-
sis risk is disclosed using patients with community-acquired
pneumonia. A semi-quantitative plasma proteomics work-
flow was applied which incorporated tandem immuno affinity
depletion, iTRAQ labeling, strong cation exchange fraction-
ation, and nanoflow-liquid chromatography coupled to high
resolution mass spectrometry. A protein profile was deter-
mined that exhibit statistically significant differences in
expression levels amongst patients with severe sepsis as a
function of age. Representative pathways that are differen-
tially-expressed include, but are not limited to, acute phase
response, coagulation signaling, atherosclerosis signaling,
lipid metabolism, and production of nitric oxide/reactive oxy-
gen species.
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PROTEOMIC BIOMARKERS OF SEPSIS IN
ELDERLY PATIENTS

STATEMENT OF GOVERNMENTAL SUPPORT

[0001] This invention was made with government support
awarded by the National Institute of General Medical Sci-
ences, National Institutes of Health (grant number RO1
GM61992). The government has certain rights in the inven-
tion.

FIELD OF THE INVENTION

[0002] The present invention is related to the field of sepsis.
In particular, the invention identifies differences in global
protein expression that are either age-related and/or outcome-
related. These differences represent biomarkers to guide risk
potential, therapy, monitoring and diagnosis.

BACKGROUND

[0003] Sepsis is a systemic infection that leads to immune
dyshomeostasis, organ failure, and in severe cases morbidity.
Cohen J, “The immunopathgenesis of sepsis” Nature 420:
885-891 (2002). Approximately 750,000 people develop sep-
sis annually commonly after an initial diagnosis of commu-
nity-acquired  pneumonia (CAP). Angus et al,
“Epidemiology of severe sepsis in the United States: analysis
of incidence, outcome, and associated costs of care” Crit
Care Med 29:1303-1310 (2001). Recently it has been
reported that mortality in sepsis patients increases with age,
although there is no direct correlation in the expression levels
of'key cytokines and transcription factors. Martin et al., “The
effect of age on the development and outcome of adult sepsis”
Crit Care Med 34:15-21 (2006).

[0004] Whatis neededinthe artis a quantitative proteomics
platform in order to identify age- and outcome-related differ-
ences in global protein expression in plasma obtained from
sepsis patients.

SUMMARY

[0005] The present invention is related to the field of sepsis.
In particular, the invention identifies differences in global
protein expression that are either age-related and/or outcome-
related. These differences represent biomarkers to guide risk
potential, therapy, monitoring and diagnosis.

[0006] In one embodiment, the present invention contem-
plates a method, comprising: a) providing; i) at least one
biological sample derived from an elderly patient suspected
of having an infection; ii) at least one peptide isolated from
said at least one biological sample, wherein said at least one
isolated peptide comprises at least one isobaric tag for relative
and absolute quantitation (iTRAQ) reporter ion; iii) a system
comprising a liquid chromatography column and a mass
spectrometer; and iv) a control proteomic pathway expression
profile; b) contacting said at least one iTRAQ-peptide with
said system to create at least one iTRAQ-peptide analysis
spectrum; ¢) processing said at least one iTRAQ-peptide
analysis spectrum to create a sepsis proteomic pathway
expression profile, wherein said sepsis proteomic pathway
expression profile comprises at least one over-expressed pro-
tein pathway as compared to said control proteomic pathway
expression profile; and d) diagnosing said patient with severe
sepsis upon identification of said over-expressed protein
pathway. In one embodiment, the over-expressed protein
pathway is a liver retinoid X receptor activation pathway. In
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one embodiment, the liver retinoid X receptor activation path-
way is about ten-fold over-expressed as compared to said
control proteomic pathway expression profile. In one
embodiment, the over-expressed protein pathway is an acute
phase response signaling pathway. In one embodiment, the
acute phase response signaling pathway is about eight-fold
over-expressed as compared to said control proteomic path-
way expression profile. In one embodiment, the over-ex-
pressed protein pathway is an atherosclerosis signaling path-
way. In one embodiment, the atherosclerosis signaling
pathway is about seven-fold over-expressed as compared to
said control proteomic pathway expression profile. In one
embodiment, the over-expressed protein pathway is an inter-
leukin-2 signaling pathway. In one embodiment, the interleu-
kin-2 signaling pathway is about seven-fold over-expressed
as compared to said control proteomic pathway expression
profile. In one embodiment, the over-expressed protein path-
way is a nitric oxide/oxygen reactive species pathway. In one
embodiment, the nitric oxide/oxygen reactive species path-
way is about seven-fold over-expressed as compared to said
control proteomic pathway expression profile. In one
embodiment, the over-expressed protein pathway is a clath-
rin-mediated endocytosis signaling pathway. In one embodi-
ment, the clathrin-mediated endocytosis signaling pathway is
about seven-fold over-expressed as compared to said control
proteomic pathway expression profile. In one embodiment,
the over-expressed protein pathway is an lipopolysacharride/
interleukin-1 retinoid X receptor inhibition pathway. In one
embodiment, the lipopolysacharride/interleukin-1 retinoid X
receptor inhibition pathway is about three-fold over-ex-
pressed as compared to said control proteomic pathway
expression profile. In one embodiment, the over-expressed
protein pathway is an farnesoid X receptor activation path-
way. In one embodiment, the farnesoid X receptor activation
pathway is about two-fold over-expressed as compared to
said control proteomic pathway expression profile. In one
embodiment, the over-expressed protein pathway is a hepatic
stellate cell activation pathway. In one embodiment, the
hepatic stellate cell activation pathway is about two-fold
over-expressed as compared to said control proteomic path-
way expression profile. In one embodiment, the over-ex-
pressed protein pathway is an actin cytoskeleton signaling
pathway. In one embodiment, the actin cytoskeleton signaling
pathway is about two-fold over-expressed as compared to
said control proteomic pathway expression profile.

[0007] In one embodiment, the present invention contem-
plates a method, comprising: a) providing; i) at least one
biological sample derived from a young patient suspected of
having an infection; ii) at least one peptide isolated from said
at least one biological sample, wherein said at least one iso-
lated peptide comprises at least one isobaric tag for relative
and absolute quantitation (iTRAQ) reporter ion; iii) a system
comprising a liquid chromatography column and a mass
spectrometer; and iv) a control proteomic pathway expression
profile; b) contacting said at least one iTRAQ-peptide with
said system to create at least one iTRAQ-peptide analysis
spectrum; ¢) processing said at least one iTRAQ-peptide
analysis spectrum to create a sepsis proteomic pathway
expression profile, wherein said sepsis proteomic pathway
expression profile comprises at least one over-expressed pro-
tein pathway as compared to said control proteomic pathway
expression profile; and d) diagnosing said patient with severe
sepsis upon identification of said over-expressed protein
pathway. In one embodiment, the over-expressed protein
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pathway is a liver retinoid X receptor activation pathway. In
one embodiment, the liver retinoid X receptor pathway is
about sixteen-fold over-expressed as compared to said con-
trol proteomic pathway expression profile. In one embodi-
ment, the over-expressed protein pathway is an acute phase
response signaling pathway. In one embodiment, the acute
phase response signaling pathway is about sixteen-fold over-
expressed as compared to said control proteomic pathway
expression profile. In one embodiment, the over-expressed
protein pathway is an atherosclerosis signaling pathway. In
one embodiment, the atherosclerosis signaling pathway is
about ten-fold over-expressed as compared to said control
proteomic pathway expression profile. In one embodiment,
the over-expressed protein pathway is an interleukin-2 sig-
naling pathway. In one embodiment, the interleukin-2 signal-
ing pathway is about ten-fold over-expressed as compared to
said control proteomic pathway expression profile. In one
embodiment, the over-expressed protein pathway is a nitric
oxide/oxygen reactive species pathway. In one embodiment,
the nitric oxide/oxygen reactive species pathway is about
ten-fold over-expressed as compared to said control pro-
teomic pathway expression profile. In one embodiment, the
over-expressed protein pathway is a clathrin-mediated
endocytosis signaling pathway. In one embodiment, the
clathrin-mediated endocytosis signaling pathway is about
eleven-fold over-expressed as compared to said control pro-
teomic pathway expression profile. In one embodiment, the
over-expressed protein pathway is a blood factor coagulation
pathway. In one embodiment, the blood factor coagulation is
about seven-fold over-expressed as compared to said control
proteomic pathway expression profile. In one embodiment,
the over-expressed protein pathway is an extrinsic prothrom-
bin activation pathway. In one embodiment, the extrinsic
prothrombin activation pathway is about five-fold over-ex-
pressed as compared to said control proteomic pathway
expression profile. In one embodiment, the over-expressed
protein pathway is an intrinsic prothrombin activation path-
way. In one embodiment, the intrinsic prothrombin activation
pathway is about five-fold over-expressed as compared to
said control proteomic pathway expression profile. In one
embodiment, the over-expressed protein pathway is a farne-
soid X receptor activation pathway. In one embodiment, the
farnesoid X receptor activation pathway is about five-fold
over-expressed as compared to said control proteomic path-
way expression profile. In one embodiment, the over-ex-
pressed protein pathway is an lipopolysaccharide/interleu-
kin-1 retinoid X receptor inhibition pathway. In one
embodiment, the lipopolysaccharide/interleukin-1 retinoid X
receptor inhibition pathway is about six-fold over-expressed
as compared to said control proteomic pathway expression
profile.

[0008] In one embodiment, the present invention contem-
plates a method, comprising: a) providing; i) at least one
biological sample derived from at least one patient suspected
of having an infection; ii) at least one peptide isolated from
said at least one biological sample, wherein said at least one
isolated peptide comprises at least one isobaric tag for relative
and absolute quantitation (iTRAQ) reporter ion; and iii) a
system comprising a liquid chromatography column and a
mass spectrometer; b) contacting said at least one iTRAQ-
peptide with said system to create at least one iTRAQ-peptide
analysis spectrum; ¢) processing said at least one iTRAQ-
peptide analysis spectrum to create a first proteomic pathway
expression profile and a second proteomic expression profile,
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wherein said first proteomic pathway expression profile com-
prises at least one differentially expressed protein pathway as
compared to said second proteomic pathway expression pro-
file; and d) diagnosing said patient with severe sepsis upon
identification of said differentially expressed protein path-
way. In one embodiment, the differentially expressed pro-
teomic pathway comprises an acute phase response pathway.
In one embodiment, the acute phase response pathway is
differentially expressed by a ratio ranging between 8:1-16:1.
In one embodiment, the differentially expressed proteomic
pathway comprises a blood factor coagulation pathway. In
one embodiment, the blood factor coagulation pathway is
differentially expressed by a ratio ranging between 4:1-5:1. In
one embodiment, the differentially expressed proteomic
pathway comprises a lipid metabolism pathway. In one
embodiment, the lipid metabolism pathway is differentially
expressed by a ratio ranging between 6:1-10:1. In one
embodiment, the differentially expressed proteomic pathway
comprises an interleukin pathway. In one embodiment, the
interleukin pathway is differentially over-expressed by a ratio
ranging between 2:1-10:1. In one embodiment, the differen-
tially expressed proteomic pathway comprises a nitric oxide/
reactive oxygen species pathway. In one embodiment, the
nitric oxide/reactive oxygen species pathway is differentially
over-expressed by a ratio ranging between 7:1-10:1. In one
embodiment, the at least one patient is an elderly patient
without severe sepsis. In one embodiment, the at least one
patient is a young patient without severe sepsis. In one
embodiment, the at least one patient is an elderly patient with
severe sepsis. In one embodiment, the at least one patient is a
young patient with severe sepsis. In one embodiment, the
infection comprises community acquired pneumonia. In one
embodiment, the method further comprises treating each of
said at least one patient differentially based upon said at least
one sepsis proteomic expression profile.

[0009] In one embodiment, the present invention contem-
plates a method for age-related sepsis treatment, comprising:
a) providing; 1) an older patient exhibiting at least one sepsis
symptom and differentially expressing at least one protein
pathway as compared to a younger patient; and ii) a pharma-
ceutical compound that interacts with a specific drug target of
said at least one differentially expressed protein pathway; b)
administering said pharmaceutical compound to said patient
under conditions such that said at least one sepsis symptom is
reduced. In one embodiment, the at least one differentially
expressed protein pathway comprises a hepatic stellate cell
activation pathway. In one embodiment, the at least one dif-
ferentially expressed protein pathway comprises an actin
cytoskeleton signaling pathway. In one embodiment, the
method further comprises a combination treatment of said
pharmaceutical compound with a conventional sepsis treat-
ment. In one embodiment, the conventional sepsis treatment
is selected from the group consisting of antibiotics, inflam-
matory mediator inhibitors, steroids, proinflammatory cytok-
ine inhibitors, statins, coagulation cascade inhibitors and
immunostimulators. In one embodiment, the older patient
ranges in age between 70-85 years old. In one embodiment,
the younger patient ranges in age between 50-65 years old.

[0010] In one embodiment, the present invention contem-
plates a method for age-related sepsis treatment, comprising:
a) providing; 1) a younger patient exhibiting at least one sepsis
symptom and differentially expressing at least one protein
pathway as compared to an older patient; and ii) a pharma-
ceutical compound that interacts with a specific drug target of
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said at least one differentially expressed protein pathway; b)
administering said pharmaceutical compound to said patient
under conditions such that said at least one sepsis symptom is
reduced. In one embodiment, the at least one differentially
expressed protein pathway comprises a blood factor coagu-
lation pathway. In one embodiment, the at least one differen-
tially expressed protein pathway comprises an extrinsic pro-
thrombin activation pathway. In one embodiment, the at least
one differentially expressed protein pathway comprises an
intrinsic prothrombin activation pathway. In one embodi-
ment, the method further comprises a combination treatment
of'said pharmaceutical compound with a conventional sepsis
treatment. In one embodiment, the conventional sepsis treat-
ment is selected from the group consisting of antibiotics,
inflammatory mediator inhibitors, steroids, proinflammatory
cytokine inhibitors, statins, coagulation cascade inhibitors
and immunostimulators. In one embodiment, the younger
patient ranges in age between 50-65 years old. In one embodi-
ment, the older patient ranges in age between 70-85 years old.
[0011] In one embodiment, the present invention contem-
plates a method, comprising: a) providing; i) at least one
peptide isolated from at least one sepsis biological sample,
wherein said at least one isolated peptide comprises at least
one isobaric tag for relative and absolute quantitation
(ITRAQ) reporter ion; and iii) a system comprising a liquid
chromatography column and a mass spectrometer; b) contact-
ing said at least one iTR AQ-peptide with said system to create
at least one iTRAQ-peptide analysis spectrum; and ¢) pro-
cessing said at least one iTRAQ-peptide analysis spectrum to
create a first proteomic pathway expression profile and a
second proteomic expression profile, wherein said first pro-
teomic pathway expression profile comprises at least one
differentially expressed protein pathway as compared to said
second proteomic pathway expression profile. In one embodi-
ment, the differentially expressed proteomic pathway com-
prises an acute phase response pathway. In one embodiment,
the acute phase response pathway is differentially expressed
by aratio ranging between 8:1-16:1. In one embodiment, the
differentially expressed proteomic pathway comprises a
blood factor coagulation pathway. In one embodiment, the
blood factor coagulation pathway is differentially expressed
by a ratio ranging between 4:1-5:1. In one embodiment, the
differentially expressed proteomic pathway comprises a lipid
metabolism pathway. In one embodiment, the lipid metabo-
lism pathway is differentially expressed by a ratio ranging
between 6:1-10:1. In one embodiment, the differentially
expressed proteomic pathway comprises an interleukin path-
way. In one embodiment, the interleukin pathway is differen-
tially over-expressed by a ratio ranging between 2:1-10:1. In
one embodiment, the differentially expressed proteomic
pathway comprises a nitric oxide/reactive oxygen species
pathway. In one embodiment, the nitric oxide/reactive oxy-
gen species pathway is differentially over-expressed by a
ratio ranging between 7:1-10:1.

DEFINITIONS

[0012] To facilitate the understanding of this invention, a
number of terms are defined below. Terms defined herein have
meanings as commonly understood by a person of ordinary
skill in the areas relevant to the present invention. Terms such
as “a”, “an” and “the” are not intended to refer to only a
singular entity but also plural entities and also includes the
general class of which a specific example may be used for

illustration. The terminology herein is used to describe spe-
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cific embodiments of the invention, but their usage does not
delimit the invention, except as outlined in the claims.
[0013] The term “about” as used herein, in the context of
any of any assay measurements refers to +/-5% of a given
measurement.

[0014] Theterm “substitute for” as used herein, refers to the
switching the administration of a first compound or drug to a
subject for a second compound or drug to the subject.
[0015] The term “suspected of having”, as used herein,
refers a medical condition or set of medical conditions (e.g.,
preliminary symptoms) exhibited by a patient that is insuffi-
cient to provide a differential diagnosis. Nonetheless, the
exhibited condition(s) would justify further testing (e.g.,
autoantibody testing) to obtain further information on which
to base a diagnosis.

[0016] The term “isobaric tag for relative and absolute
quantitation iITRAQ)” refers to a non-gel-based technique
used to quantify proteins from different sources in a single
experiment. It uses isotope-coded covalent tags. iTRAQ is
used in proteomics to study quantitative changes in the pro-
teome. Ross et al., “Multiplexed protein quantitation in sac-
caromyces cerevisiae Using amine-reactive isobaric tagging
reagents” Molecular & Cellular Proteomics 3:1154-1169
(2004).iTRAQ is based on the covalent labeling of the N-ter-
minus and side chain amines of peptides from protein diges-
tions with tags of varying mass. For example, two such
reagents include, but are not limited to a 4-plex and an 8-plex,
which can be used to label all peptides from different
samples/treatments. These samples are then pooled and usu-
ally fractionated by nano liquid chromatography and ana-
lyzed by tandem mass spectrometry (MS/MS). A database
search is then performed using the fragmentation data to
identify the labeled peptides and hence the corresponding
proteins. The fragmentation of the attached tag generates a
low molecular mass reporter ion that can be used to relatively
quantify the peptides and the proteins from which they origi-
nated (e.g., an iTRAQ-peptide analysis spectrum).

[0017] The term “infection™ as used herein, refers to an
invasion of a host organism’s body tissues by disease-causing
organisms, their multiplication, and the reaction of host tis-
sues to these organisms and the toxins they produce. Infec-
tious diseases, also known as transmissible diseases or com-
municable diseases, comprise clinically evident illness (i.e.,
characteristic medical signs and/or symptoms of disease)
resulting from the infection, presence and growth of patho-
genic biological agents in an individual host organism. For
example, infection by a virus may result in acquired commu-
nity pneumonia that can develop into sepsis.

[0018] The term “community-acquired pneumonia (CAP)”
as used herein, refers to a type of pneumonia (any of several
lung diseases) acquired infectiously from normal social con-
tact (that is, in the community) as opposed to being acquired
during hospitalization (hospital-acquired pneumonia). In
community-acquired pneumonia, individuals who have not
recently been hospitalized develop an infection of the lungs
(pneumonia). CAP is a common illness and can affect people
of all ages. CAP often causes problems such as difficulty
breathing, fever, chest pains, and a cough and sometime
develops into sepsis. CAP occurs because the areas of the
lung that absorb oxygen (alveoli) from the atmosphere
become filled with fluid and cannot work effectively.

[0019] The term “liquid chromatography” as used herein,
refers a set of laboratory techniques for the separation of
mixtures generally using a column (e.g., a liquid chromatog-



US 2016/0187349 Al

raphy column). A mixture of compounds may be dissolved in
a “liquid”, which carries the mixture through a column com-
prising a stationary phase matrix. The various compounds of
the mixture travel at different speeds, causing them to sepa-
rate.

[0020] The term “mass spectrometer” as used herein, refers
to a mass spectrometer comprising three components such as
an ion source, a mass analyzer, and a detector. The ionizer
converts a portion of the sample into ions. There is a wide
variety of ionization techniques, depending on the phase
(solid, liquid, gas) of the sample and the efficiency of various
ionization mechanisms for the unknown species. An extrac-
tion system removes ions from the sample, which are then
trajected through the mass analyzer and onto the detector. The
differences in masses of the fragments allows the mass ana-
lyzer to sort the ions by their mass-to-charge ratio. The detec-
tor measures the value of an indicator quantity and thus pro-
vides data for calculating the abundances of each ion present.
Some detectors also give spatial information, e.g., a multi-
channel] plate.

[0021] The term “tandem mass spectrometer” as used
herein, refers to a type of mass spectrometer that is capable of
multiple rounds of mass spectrometry, usually separated by
some form of molecule fragmentation. For example, one
mass analyzer can isolate one peptide from many entering a
mass spectrometer. A second mass analyzer then stabilizes
the peptide ions while they collide with a gas, causing them to
fragment by collision-induced dissociation (CID). A third
mass analyzer then sorts the fragments produced from the
peptides. Tandem MS can also be done in a single mass
analyzer over time, as in a quadrapole ion trap. There are
various methods for fragmenting molecules for tandem MS,
including collision-induced dissociation (CID), electron cap-
ture dissociation (ECD), electron transfer dissociation
(ETD), infrared multiphoton dissociation (IRMPD), black-
body infrared radiative dissociation (BIRD), electron-detach-
ment dissociation (EDD) and surface-induced dissociation
(SID). An important application using tandem mass spec-
trometry is in protein identification.

[0022] The term “proteomics™ as used herein, refers to a
large-scale study of proteins, particularly their structures and
functions. A proteome may comprise an entire set of proteins
produced or modified by an organism or system within that
organism. Such organismic systems may comprise specific
protein pathways whose participating proteins/peptides are
co-regulated. While proteomics generally refers to the large-
scale experimental analysis of proteins, it is often specifically
used in support of protein purification and mass spectrometry
analysis.

[0023] Theterm “proteomic pathway expression profile” as
used herein, refers to an analysis of protein expression on a
large scale. Proteomic expression analysis helps identify pro-
teins that are differentially expressed in different biological
samples-such as diseased vs. healthy tissue, or tissue from a
young patient vs. an elderly patient. If a protein is found only
in a tissue sample from an elderly patient then it can be a
useful drug target or diagnostic marker. Proteins with same or
similar expression profiles may also be functionally related.
There are technologies such as 2D-PAGE and mass spectrom-
etry that are used in expression proteomics. Two or more
different proteomic pathway expression profiles may be com-
pared for differential protein pathway expression. For
example, a simple ratio calculation of the processed data from
an iTRAQ analysis can determine whether one protein is
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over/under-expressed. In most cases herein, a ratio is deter-
mined between a sepsis proteomic pathway expression pro-
file (e.g., where the biological sample is derived from a sub-
jectsuspected of having an infection) and a control proteomic
pathway expression profile (e.g., where the biological sample
is derived from a subject that is not suspected of having a
medical condition).

[0024] The term “symptom”, as used herein, refers to any
subjective or objective evidence of disease or physical distur-
bance observed by the patient. For example, subjective evi-
dence is usually based upon patient self-reporting and may
include, but is not limited to, pain, headache, visual distur-
bances, nausea and/or vomiting. Alternatively, objective evi-
dence is usually a result of medical testing including, but not
limited to, body temperature, complete blood count, lipid
panels, thyroid panels, blood pressure, heart rate, electrocar-
diogram, tissue and/or body imaging scans.

[0025] The term “disease” or “medical condition”, as used
herein, refers to any impairment of the normal state of the
living animal or plant body or one of'its parts that interrupts or
modifies the performance of the vital functions. Typically
manifested by distinguishing signs and symptoms, it is usu-
ally a response to: 1) environmental factors (as malnutrition,
industrial hazards, or climate); ii) specific infective agents (as
worms, bacteria, or viruses); iii) inherent defects of the organ-
ism (as genetic anomalies); and/or iv) combinations of these
factors.

[0026] The term “drug” or “compound” as used herein,
refers to any pharmacologically active substance capable of
being administered which achieves a desired effect. Drugs or
compounds can be synthetic or naturally occurring, non-
peptide, proteins or peptides, oligonucleotides or nucleotides,
polysaccharides or sugars.

[0027] The term “administered” or “administering”, as
used herein, refers to any method of providing a composition
to a patient such that the composition has its intended effect
on the patient. An exemplary method of administering is by a
direct mechanism such as, local tissue administration (i.e., for
example, extravascular placement), oral ingestion, transder-
mal patch, topical, inhalation, suppository etc.

[0028] The term “effective amount” as used herein, refers
to a particular amount of a pharmaceutical composition com-
prising a therapeutic agent that achieves a clinically beneficial
result (i.e., for example, a reduction of symptoms). Toxicity
and therapeutic efficacy of such compositions can be deter-
mined by standard pharmaceutical procedures in cell cultures
or experimental animals, e.g., for determining the L.D50 (the
dose lethal to 50% of the population) and the ED50 (the dose
therapeutically effective in 50% of the population). The dose
ratio between toxic and therapeutic effects is the therapeutic
index, and it can be expressed as the ratio LD50/ED50. Com-
pounds that exhibit large therapeutic indices are preferred.
The data obtained from these cell culture assays and addi-
tional animal studies can be used in formulating a range of
dosage for human use. The dosage of such compounds lies
preferably within a range of circulating concentrations that
include the ED50 with little or no toxicity. The dosage varies
within this range depending upon the dosage form employed,
sensitivity of the patient, and the route of administration.
[0029] The terms “reduce,” “inhibit,” “diminish,” “sup-
press,” “decrease,” “prevent” and grammatical equivalents
(including “lower,” “smaller,” etc.) when in reference to the
expression of any symptom in an untreated subject relative to
a treated subject, mean that the quantity and/or magnitude of
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the symptoms in the treated subject is lower than in the
untreated subject by any amount that is recognized as clini-
cally relevant by any medically trained personnel. In one
embodiment, the quantity and/or magnitude of the symptoms
in the treated subject is at least 10% lower than, at least 25%
lower than, at least 50% lower than, at least 75% lower than,
and/or at least 90% lower than the quantity and/or magnitude
of the symptoms in the untreated subject.

[0030] The term “inhibitory compound” as used herein,
refers to any compound capable of interacting with (i.e., for
example, attaching, binding etc) to a binding partner under
conditions such that the binding partner becomes unrespon-
sive to its natural ligands. Inhibitory compounds may include,
but are not limited to, small organic molecules, antibodies,
and proteins/peptides.

[0031] The term “patient” or “subject”, as used herein, is a
human or animal and need not be hospitalized. For example,
out-patients, persons in nursing homes are “patients.” A
patient may comprise any age of a human or non-human
animal and therefore includes both adult and juveniles (i.e.,
children). It is not intended that the term “patient” connote a
need for medical treatment, therefore, a patient may volun-
tarily or involuntarily be part of experimentation whether
clinical or in support of basic science studies.

[0032] The term “affinity” as used herein, refers to any
attractive force between substances or particles that causes
them to enter into and remain in chemical combination. For
example, an inhibitor compound that has a high affinity for a
receptor will provide greater efficacy in preventing the recep-
tor from interacting with its natural ligands, than an inhibitor
with a low affinity.

[0033] Theterm “derived from™ as used herein, refers to the
source of a compound or sequence. In one respect, a com-
pound or sequence may be derived from an organism or
particular species. In another respect, a compound or
sequence may be derived from a larger complex or sequence.
[0034] The term “protein” as used herein, refers to any of
numerous naturally occurring extremely complex substances
(as an enzyme or antibody) that consist of amino acid residues
joined by peptide bonds, contain the elements carbon, hydro-
gen, nitrogen, oxygen, usually sulfur. In general, a protein
comprises amino acids having an order of magnitude within
the hundreds.

[0035] The term “peptide” as used herein, refers to any of
various amides that are derived from two or more amino acids
by combination of the amino group of one acid with the
carboxyl group of another and are usually obtained by partial
hydrolysis of proteins. In general, a peptide comprises amino
acids having an order of magnitude with the tens.

[0036] The term “polypeptide”, refers to any of various
amides that are derived from two or more amino acids by
combination of the amino group of one acid with the carboxyl
group of another and are usually obtained by partial hydroly-
sis of proteins. In general, a peptide comprises amino acids
having an order of magnitude with the tens or larger.

[0037] The term “pharmaceutically” or “pharmacologi-
cally acceptable™, as used herein, refer to molecular entities
and compositions that do not produce adverse, allergic, or
other untoward reactions when administered to an animal or
a human.

[0038] The term, “pharmaceutically acceptable carrier”, as
used herein, includes any and all solvents, or a dispersion
medium including, but not limited to, water, ethanol, polyol
(for example, glycerol, propylene glycol, and liquid polyeth-
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ylene glycol, and the like), suitable mixtures thereof, and
vegetable oils, coatings, isotonic and absorption delaying
agents, liposome, commercially available cleansers, and the
like. Supplementary bioactive ingredients also can be incor-
porated into such carriers.

[0039] The term, “purified” or “isolated”, as used herein,
may refer to a peptide composition that has been subjected to
treatment (i.e., for example, fractionation) to remove various
other components, and which composition substantially
retains its expressed biological activity. Where the term “sub-
stantially purified” is used, this designation will refer to a
composition in which the protein or peptide forms the major
component of the composition, such as constituting about
50%, about 60%, about 70%, about 80%, about 90%, about
95% or more of the composition (i.e., for example, weight/
weight and/or weight/volume). The term “purified to homo-
geneity” is used to include compositions that have been puri-
fied to ‘apparent homogeneity” such that there is single
protein species (i.e., for example, based upon SDS-PAGE or
HPLC analysis). A purified composition is not intended to
mean that some trace impurities may remain.

[0040] As used herein, the term “substantially purified”
refers to molecules, either nucleic or amino acid sequences,
that are removed from their natural environment, isolated or
separated, and are at least 60% free, preferably 75% free, and
more preferably 90% free from other components with which
they are naturally associated. An “isolated polynucleotide™ is
therefore a substantially purified polynucleotide.

[0041] The term “sample” as used herein is used in its
broadest sense and includes environmental and biological
samples. Environmental samples include material from the
environment such as soil and water. Biological samples may
be animal, including, human, fluid (e.g., blood, plasma and
serum), solid (e.g., stool), tissue, liquid foods (e.g., milk), and
solid foods (e.g., vegetables). For example, a pulmonary
sample may be collected by bronchoalveolar lavage (BAL)
which comprises fluid and cells derived from lung tissues. A
biological sample may comprise a cell, tissue extract, body
fluid, chromosomes or extrachromosomal elements isolated
from a cell, genomic DNA (in solution or bound to a solid
support such as for Southern blot analysis), RNA (in solution
orbound to a solid support such as for Northern blot analysis),
c¢DNA (in solution or bound to a solid support) and the like.
[0042] The term “bind” as used herein, includes any physi-
cal attachment or close association, which may be permanent
or temporary. Generally, an interaction of hydrogen bonding,
hydrophobic forces, van der Waals forces, covalent and ionic
bonding etc., facilitates physical attachment between the
molecule of interest and the analyte being measuring. The
“binding” interaction may be brief as in the situation where
binding causes a chemical reaction to occur. That is typical
when the binding component is an enzyme and the analyte is
a substrate for the enzyme. Reactions resulting from contact
between the binding agent and the analyte are also within the
definition of binding for the purposes of the present invention.

BRIEF DESCRIPTION OF THE FIGURES

[0043] The file of this patent contains at least one drawing
executed in color. Copies of this patent with color drawings
will be provided by the Patent and Trademark Office upon
request and payment of the necessary fee.

[0044] FIG. 1 illustrates one embodiment for a parallel
blood plasma workflow schematic using four iTRAQ reporter
ions in Multiple Affinity Removal System (MARS) columns
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in preparation for nanoscale liquid chromatography coupled
to tandem mass spectrometry (Nano-L.C-MS/MS) analysis.
Exemplary iTRAQ Reporter Ions-Column A: iTRAQ_114
(I;14); Column B: iTRAQ_115 (I;;5); Column C: iTRAQ_
116 (I,,4); Column D: iTRAQ_117 (1, ).

[0045] FIG. 2 shows exemplary data over the course of ten
(10) Nano-L.C-MS/MS experiments.

[0046] FIG. 2A: Solid Line: Accumulation of identified
proteins (773) of which 726 proteins were identified. Bars:
[0047] FIG.2B: Data demonstrating the relative stability of
spectral counts over the course of the ten Nano-LC-MS/MS
experiments.

[0048] FIG. 3 presents Venn diagrams depicting the differ-
ences and overlap between the various subject populations.
[0049] FIG. 4 presents a present understanding of a physi-
ological process of thrombosis initiated by sepsis.

[0050] FIG. 5 presents a present understanding of a cytok-
ine regulation pathway.

[0051] FIG. 6 presents exemplary data showing differen-
tially expressed pathways between the YY/OY subject popu-
lations.

[0052] FIG. 7 presents exemplary data showing differen-
tially expressed pathways between the YN/ON subject popu-
lations.

[0053] FIG. 8 presents exemplary data showing differen-
tially expressed pathways between the YY/YN subject popu-
lations.

[0054] FIG. 9 presents exemplary data showing differen-
tially expressed pathways between the OY/ON subject popu-
lations.

[0055] FIG. 10 presents exemplary data, in triplicate, show-
ing the reproducibility of Nano-LC-MS/MS.

[0056] FIG. 10A: A MARS-depleted human plasma chro-
matogram.
[0057] FIG. 10B: A tandem MARS-depleted human

plasma chromatogram.

[0058] FIG. 11 presents exemplary data showing the repro-
ducibility of the workflow using four plasma samples from
CAP patients that were prepared and analyzed with the
iTRAQ workflow. Across the triplicate sample sets, 90% of
the quantified proteins had a RSD smaller than 0.25. Blue
Cross-Hatched Bar: 1,,4/1;,, protein number, Orange Cross-
Hatched Bar: 1,,/1,,, protein number, and Green Cross-
Hatched Bar: I, ,,/1,,, protein number. Blue Squares: I,/
1,;, cumulative frequency. Orange Squares: [,,4/1,,,4
cumulative frequency. Green Squares: 1,,-/I,,, cumulative
frequency.

[0059] FIG. 12 presents exemplary data showing a distri-
bution of protein ratios across four plasma samples as
described in FIG. 11. Blue Bars: 1,5/, ,,; Green Bars: [,/
1,,4; Red Bars: 1;,/1; .

[0060] FIG. 13 presents the identification of over-ex-
pressed protein pathways based upon the quantified protein
ratios.

[0061] FIG. 14 presents exemplary MS/MS spectrum data
of the fragmentation pattern of the peptide D(ITRAQ)
LATVYVDVLK(@GTRAQ) (z=+2, m/z+763.4244) from apo-
liprotein A-1 showing how protein ratios were obtained based
on the corresponding peptide ratios as the same peptides from
four different samples cannot be differentiated on MS level.
Consequently, peptide identification and peptide quantitation
were based on MS/MS spectrum obtained from CID and
HCD fragmentation, respectively. Protein identification: CID
MS/MS. Protein Quantitation: HCD MS/MS.
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[0062]
[0063]

FIG. 14A: Conventional MS spectra.

FIG. 14B: CID MS/MS spectra and analysis.
[0064] FIG. 14C; HCD MS/MS spectra and analysis.
[0065] FIG. 14D: Control spectra showing the reporter ion
ratios (Iy,4:1;15:1;16:111,=1:3.44:2.62:1.45).

[0066] FIG. 15A presents conventional understanding of a
sepsis pathway. Cohen J., Nature420:885-891 (2002).
[0067] FIG. 15B presents a representative distribution of
the relationship between age and severe sepsis. Kale et al.,
PLoSone 5:¢13852 (2010).

[0068] FIG. 16 presents representative data showing sep-
sis-induced cytokine patterns as a function of age. Blue Dia-
monds: <50 years. Red Squares: 50-64 years. Green Tri-
angles: 65-74 years. Purple Crosses: 75-84 years. Blue
Crosses: >85 years.

[0069] FIG. 16A: Tissue necrosis factor (TNF)

[0070] FIG. 16B: Interleukin 6 (IL-6)

[0071] FIG. 16C: Interleukin 10 (IL-10).

[0072] FIG. 17 presents representative Nano-LC-MS/MS
data for a peptide fragment (AGITRAQ)EFQDALEK
(iTRAQ)+2H)** of Complement C4. Spectral Counts—450;
Unique peptides=59.

[0073] FIG. 17A: A CID spectra and analysis.

[0074] FIG. 17B: A HCD spectra and analysis.

[0075] FIG. 18 presents representative Nano-LC-MS/MS
data for a peptide fragment (AGITRAQ)EFQDALEK
(iTRAQ)+2H)** of Complement C4. Spectral Count=450;
Unique peptides=59, Ratio 117/114=1.14+0.38.

[0076] FIG. 18A: A CID spectra and analysis.

[0077] FIG. 18B: A HCD spectra and analysis.

[0078] FIG. 19 presents exemplary data showing the reli-
ability of Nano-LC-MS/MS quantitation (HCD) by peptide-
to-protein inferencing of Complement C4 data in FIGS. 17
and 18.
[0079] FIG. 19A: Peptide ratio distribution.

[0080] FIG. 19B: Protein ratio distribution.

[0081] FIG. 20 presents representative Nano-LC-MS/MS
data for a peptide fragment (DGTRAQ)LATVYVDVLK
(iTRAQ)+2H)** of apolipoprotein ~ A-1.  Spectral
Counts=1734; Unique peptides=24.

[0082] FIG. 20A: A CID spectra and analysis.

[0083] FIG. 20B: A HCD spectra and analysis.

[0084] FIG. 21 presents representative Nano-LC-MS/MS
data for a peptide fragment (DGTRAQ)LATVYVDVLK
(iTRAQ)+2H)** of apolipoprotein ~ A-1.  Spectral
Counts=1734; Unique peptides=24.

[0085] FIG. 21A: A CID spectra and analysis.

[0086] FIG. 21B: A HCD spectra and analysis.

[0087] FIG. 22 presents an exemplary LC chromatogram
subsequent to SCX fractionation.

[0088] FIG. 22A: L.C chromatograms for individual SCX
fractions analyzed in triplicate.

[0089] FIG. 22B: Exemplary mass spectra of peptides
eluted from SCX fraction 7 (t,=57.20 min with m/z 748.
8046);

[0090] FIG. 22C: Exemplary mass spectra of peptides
eluted from SCX fraction 6 (t,=37.26 min with m/z 742.
9010).

[0091] FIG. 22D: Exemplary CID MS/MS of peptides
eluted from SCX fraction 7.

[0092] FIG. 22E: Exemplary CID MS/MS of peptides
eluted from SCX fraction 6.

[0093] FIG. 22F: Exemplary HCD MS/MS of peptides
eluted from SCX fraction 7 (inset: low m/z region).
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[0094] FIG. 22G: Exemplary HCD MS/MS of peptides
eluted from SCX fraction 6 (inset: low m/z region).

[0095] FIG. 23 presents exemplary data showing an aver-
age numberzstandard deviation of proteins (light bars) and
spectral counts (dark bars) identified in each experiment. The
cumulative number of proteins (diamonds) identified with
each subsequent experiment is also shown.

[0096] FIG. 24 presents exemplary data showing Western
blotting images and histogram displaying a normalized
intensitystandard deviation (n=6) of the proteins across each
group. The intensity for each individual band is normalized to
the total intensity of the blot.

[0097] FIG. 24A: C-reactive protein,

[0098] FIG. 24B: Fibrinogen alpha chain.

[0099] FIG. 24C: Apolipoprotein CIII.

[0100] FIG. 25 presents an illustrative Venn diagram of

differentially-expressed proteins for each age group (i.e.,
YS/YC 50-65 years old and OS/OC 70-85 years old). The
number of proteins that have higher (1) or lower (| ) fold-
change values in each comparison are also shown.

[0101] FIG. 26 presents exemplary data showing a histo-
gram plot of biological pathways associated with differen-
tially expressed proteins as a function of severity of sepsis
(N=59). The p value cutoft for the Ingenuity Pathway Analy-
sis (IPA) is p<0.05.

DETAILED DESCRIPTION

[0102] The present invention is related to the field of sepsis.
In particular, the invention identifies differences in global
protein expression that are either age-related and/or outcome-
related. These differences represent biomarkers to guide risk
potential, therapy, monitoring and diagnosis.

[0103] In one embodiment, the present invention contem-
plates a method for producing a sepsis proteomic expression
profile comprising MARS-sample depletion, iTRAQ reporter
ions, SCX protein fractionation and nano-L.C-MS/MS. In one
embodiment, the method generates highly reproducible data
with 90% of RSD smaller than 0.25.

1. Sepsis

[0104] Sepsis is believed to be a systematic inflammatory
state triggered by infection. Other conditions including, but
not limited to, multiple organ failure and hypoperfusion (e.g.,
hypotension, decreased urine output) in combination with
sepsis can result in severe sepsis. Dellinger et al., “Surviving
Sepsis Campaign: International Guidelines for Management
of Severe Sepsis and Septic Shock: 2012 Critical Care
Medicine 41:580-637 (2013). One of the leading causes of
sepsis is community-acquired pneumonia (CAP). Kale et al.,
“The effects of age on inflammatory and coagulation-fibrin-
olysis response in patients hospitalized for pneumonia” PLoS
ONE 5:e13852 (2010); Dremsizov et al., “Severe sepsis in
community-acquired pneumonia” Chest 129:968-978
(2006); and Beutz et al., “Community-acquired pneumonia
and sepsis” Clinics In Chest Medicine 26:19-28 (2005). The
presence and severity of organ failure is one of the most
important determinants of mortality following sepsis. Severe
sepsis affects ~750,000 persons annually in the United States
and is one of the most common causes of death in intensive
care units. Vincent et al., “SOFA so good for predicting long-
term outcomes” Resuscitation 83:537-538 ((2012)); Carrigan
et al., “Toward resolving the challenges of sepsis diagnosis”
Clinical Chemistry 50:1301-1314 ((2004); Davis, B. H.,
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“Improved diagnostic approaches to infection/sepsis detec-
tion” Expert Review of Molecular Diagnostics 5:193-207
(2005); Levy et al., <2001 SCCM/ESICM/ACCP/ATS/SIS
International Sepsis Definitions Conference” Critical Care
Medicine 31:1250-1256 (2003); Balk, R. A., “Severe sepsis
and septic shock: definitions, epidemiology, and clinical
manifestations™ Critical Care Clinics 16:179-192 (2000);
Martinet al., “The epidemiology of sepsis in the United States
from 1979 through 2000 ” New England Journal of Medicine
348:1546-1554 (2003); Cohen, J., “The immunopathogen-
esis of sepsis” Nature 420:885-891 (2002).

[0105] It has been reported that the incidence of severe
sepsis and mortality rate increases sharply after the age of 65.
Angus et al., “Epidemiology of severe sepsis in the United
States: Analysis of incidence, outcome, and associated costs
of care” Critical Care Medicine 29:1303-1310 (2001); and
Martin et al., “The effect of age on the development and
outcome of adult sepsis” Critical Care Medicine 34:15-21
(2006. For example, CAP patients =85 years old have a 2.8-
fold increased risk of severe sepsis and a 17-fold increased
mortality rate compared to patients =50 years old. The
notable age-related differences in severe sepsis risk may be
explained in part by immunosenescence underlying chronic
disease. Immunosenesence is manifested in the elderly
through decreased numbers of T cells, impaired B-cell func-
tion, increased apoptosis of neutrophils, and reduced bacte-
ricidal response of macrophages. Opal et al., “The immuno-
pathogenesis of sepsis in elderly patients” Clinical Infectious
Diseases 41:5S504-S512 (2005); and Wick et al., “The aging
immune system: primary and secondary alterations of
immune reactivity in the elderly” Experimental Gerontology
32:401-413 (1997).

[0106] Most of the above studies that examined age-related
differences in immune response using animal models and
humans have largely focused on either the adaptive immune
response or select pathways (inflammatory, coagulation, and
fibrinolysis markers) in the innate immune response. A com-
prehensive assessment of differences in the immune response
has not been conducted. Trials testing immunomodulating
therapies for sepsis in broad populations have failed to con-
sistently improve outcomes of sepsis patients. Hotchkiss et
al.,, “The pathophysiology and treatment of sepsis” New
England Journal of Medicine 348:1.38-150 (2003). An alter-
native approach is to personalize sepsis therapies based on
host characteristics, such as age. To further the development
of'such a personalized approach, a better understanding ofthe
differences in immune response due to age is necessary.
[0107] In sepsis, blood pressure generally drops resulting
in shock. Major organs and body systems, including the kid-
neys, liver, lungs, and central nervous system, stop working
properly because of poor blood flow. A change in mental
status and very fast breathing may be the earliest signs of
sepsis. In general, symptoms of sepsis can include, but are not
limited to, chills, confusion or delirium, fever or low body
temperature (hypothermia), light-headedness due to low
blood pressure, rapid heartbeat, shaking, skin rash, warm
skin, bruising and/or bleeding.

II. Nanoscale Liquid Chromatography Coupled to Tandem
Mass Spectrometry

[0108] Nanoscale liquid chromatography coupled to tan-
dem mass spectrometry (nano LC-MS/MS) has been widely
implemented in the field of proteomics. In fact, its sensitivity
has advantages over conventional LC-MS/MS that allow the
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analysis of peptide mixtures in sample-limited situations
(e.g., proteolytically digested proteins isolated by two-di-
mensional gel electrophoresis). Technical challenges, associ-
ated with low flow rates of the chromatographic separation,
make this technology still difficult to run routinely. Some a
nano LC-MS/MS setups allow several weeks of continuous
operation for the analysis of peptides derived by enzymatic
digestion of either purified proteins or moderately complex
protein mixtures. Gaspari et al., “Nano LC-MS/MS: a robust
setup for proteomic analysis” Methods Mol Biol. 790:115-
126 (2011).

[0109] A preparation pathway for Nano-L.C-MS/MS is out-
lined. See, FIG. 1. In general, an experimental design was
followed that identified the patient’s age (e.g., young (Y), old
(0)) in conjunction with the presence or absence of sepsis
(e.g., sepsis (Y), no sepsis (N). One exemplary experimental
design is outlined. See, Table 1.

TABLE 1
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TABLE 3

Protein Level Ratios Comparing Elderly Patients With and Without

Severe Sepsis (OY/ON): Proteins were quantified in at least six
experiments (=1.30 or 0.77; Coefficient Variance <0.55)

AccNo.  Protein Name Mean SD

P02741 C-reactive protein 0.521 0.221
P02671 Fibrinogen alpha chain 0.597 0.129
P02751 Fibronectin 0.624 0.314
P07996 Thrombospondin-1 0.645 0.335
P02649 Apolipoprotein E 0.646 0.170
P0O1011 Alpha-1-antichymotrypsin 0.683  0.183
Q9Y6R7  IgGFe-binding protein 0.700  0.259
Q9BXR6 Complement factor H-related protein 5 0.716  0.181
Q86UD1  Out at first protein homolog 0.742  0.193
PO8779 Keratin, type I cytoskeletal 16 0.754 0.355
P02775 Platelet basic protein 0.758 0.211

Experimental design and iTRAQ quantitation channel assignment

reporter ion_ 114  reporterion_ 115 reporter ion__ 116

reporter ion_ 117

1% Experiment YY* YN® oY*
274 Experiment YY“ YN? oye
374 Experiment YY“ YN? oye
47 Experiment YY* YN® oY*
5% Experiment YN® oY* ON“
6% Experiment YN? oY~ ON9
7% Experiment YN? oY« ON9
8% Experiment oY* ON“ YY*
9% Experiment oY* ON“ YY*
10? Experiment oye ON9 Yy*

ON“
ON9
ON9
ON“

“subjects who are at the age of 50-65 and with severe sepsis;
bsubjects who are at the age of 50-65 and without severe sepsis;
“subjects who are at the age of 70-85 and with severe sepsis;
dsubjects who are at the age of 70-85 and without severe sepsis.

[0110] One optimized workflow was applied to plasma
derived from four groups of sepsis patients. The four groups
were: 1) 10 survivors at 60-65 years with severe sepsis, 2) 10
non-survivors at 60-65 years with severe sepsis, 3) 10 survi-
vors >80 years with severe sepsis and 4) 10 non-survivors >80
years with severe sepsis. See, Table 2.

TABLE 2

Subject Profile For Determining Age-Related Outcomes In Sepsis

Younger Sepsis Patients Older Sepsis Patients

Death
(10 Subjects)

Death
(10 Subjects)

Survivor
(10 Subjects)

Survivor
(10 Subjects)

Samples from the four groups were analyzed with the opti-
mized workflow blindedly.

[0111] Chromatograms obtained from MARS depletion
and tandem MARS-depletion were shown to be reproducible
(i.e., the relative standard deviation of unbound peaks and
bound peaks were 1.6% and 0.4%, respectively.). See, FIGS.
10A and 10B.

II1. Sepsis Biomarker Identification

[0112] This invention includes the identification of more
than eighty human plasma proteins which may have the
potential to serve as biomarkers for the diagnosis of sepsis in
elderly patients. See, Table 3.

TABLE 3-continued

Protein Level Ratios Comparing Elderly Patients With and Without

Severe Sepsis (OY/ON): Proteins were quantified in at least six

experiments (=1.30 or 0.77; Coefficient Variance <0.55)

AccNo.  Protein Name Mean SD

P18428 Lipopolysaccharide-binding protein 0.762 0.321
Q96PDS  N-acetylmuramoyl-L-alanine amidase 1.347  0.393
Q15431 Synaptonemal complex protein I 1.372 0.620
014791 Apolipoprotein L1 1.390  0.701
P35858 Insulin-like growth factor-binding protein 1.393  0.462

complex acid labile subunit

P19323 Inter-alpha-trypsin inhibitor heavy chain H2 1.397  0.528
P02656 Apolipoprotein C-IIT 1.426  0.769
095445 Apolipoprotein M 1.438  0.483
P02652 Apolipoprotein A-IT 1.447  0.463
P06276 Cholinesterase 1.452  0.474
P05090 Apolipoprotein D 1.470  0.321
P19827 Inter-alpha-trypsin inhibitor heavy chain H1 1.576  0.582
P02749 Beta-2-glycoprotein 1 1.582  0.611
P29622 Kallistatin 1.685  0.574
QINXD2 Myotubularin-related protein 10 1.779  0.692
Q04756 Hepatocyte growth factor activator 1.808  0.681
Q86UV6  Tripartite motif-containing protein 74 1.847  0.737
Q6UXBR  Peptidase inhibitor 16 2.028 0.782
Q96KN2  Beta-Ala-His dipeptidase 2.060 0.931
P02654 Apolipoprotein C-I 2.165 1.022
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These proteins were identified and quantified using iTRAQ
based chemistry in combination with liquid chromatography
and mass spectrometry.

[0113] In one embodiment, the present invention contem-
plates a method comprising identifying protein pathway
biomarkers of severe sepsis in patients with an infection. In
one embodiment, the present invention contemplates a
method comprising developing biomarkers of severe sepsis in
elderly patients with an infection. In one embodiment, the
present invention contemplates a method comprising devel-
oping protein pathway biomarkers of severe sepsis in non-
elderly patients with an infection. Although it is not necessary
to understand the mechanism of an invention it is believed
that a sepsis proteomic pathway analysis may discover poten-
tial mechanisms and therapies for severe sepsis, potential
mechanisms and therapies for age-related immune dysfunc-
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TABLE 5

Differential Blood Factor Expression In Elderly
Patients With Severe Sepsis

YY/OY YN/ON YY/YN OY/ON
Factor XIII, 0.710 £ 0.158  N.D. N.D. N.D.
A Chain
Factor XII 0.767 = 0.093 N.D. N.D. 1.563 = 1.163
Von 1.161 = 0.821 N.D. 2.047 = 1.297 N.D.
Willebrand
Factor
Fibrinogen 2.058 £0.577 0246+ 2441=+0.719 0.597 £0.129
alpha 0.120

N.D. = Not Determined

[0116] Somelipid factors were also seen to be differentially
expressed is elderly patients with severe sepsis. See, Table 6.

TABLE 6

Differential Lipid Factor Expression In Elderly Patients With Severe Sepsis

YY/OY YY/ON YY/YN OY/ON
Lipopolysaccharide 2.499 = 0.604 N.D. 2.201 £ 0.502 N.D.
Binding Protein
Apolipoprotein E 1.692 £0.309 0522 £0.164 2.105+0.301 0.646 +0.170
Apolipoprotein AIL 0.426 £0.073  1.805 £0.685  0.502+0.080 1.447 =0.463
Apolipoprotein 0.578 £0.099  2.961 £1.372  0.690+0.294 1.426=0.769
CIII

tion, and/or potential mechanisms and therapies for age-re-
lated organ dysfunction in sepsis.

[0114] The proteins identified in this study have not been
implicated and/or previously identified in the plasma of vari-
ous aged elderly severe sepsis patients. For example, some
interleukins were identified as differentially expressed. See,
Table 4.

TABLE 4

Differential Interleukin Expression In Elderly Severe Sepsis Patients

Interleukin 21 YY/OY 0.626 = 0.169
Interleukin 21 YN/ON 0.519 £0.105
Interleukin 21 YY/YN 2.054 =0.105
Interleukin 21 OY/ON 1.735 £ 0.443
Interleukin 19 YY/OY 0.508 = 0.046
Interleukin 19 YN/ON 0.426 =0.051
Interleukin 19 YY/YN 1.924 £ 0.185
Interleukin 19 OY/ON 1.609 +0.108

1L-21 is believed to be homologous to 11-2, TT.-4 and IL.-15
and is generally considered to be a proinflammatory cytokine.
1L-19 is believed to belong to the I[.-10 family of cytokines
along with IL.-10, IL-20, IL.-22. IL-19 has been reported to be
up-regulated in monocytes following stimulation with LPS.

[0115] Some blood factors were also seen to be differen-
tially expressed in elderly patients with severe sepsis. See,
Table 5.

The data presented herein was derived from patients exhibit-
ing symptoms of community acquired pneumonia using a
semi-quantitative plasma proteomics workflow. Cao et al.,
“Additions to the human plasma proteome via a tandem
MARS depletion iTRAQ-based workflow” International
Journal of Proteomics 2013 Article ID 654356 ((2013). This
technique includes, but is not limited to, tandem immunoaf-
finity depletion, isobaric tags for relative and absolute quan-
titation (iTRAQ) labeling, strong cation exchange (SCX)
fractionation, and nanoflow liquid chromatography (LC)
coupled to high resolution mass spectrometry (MS).

[0117] In one embodiment, the present invention contem-
plates a sepsis proteomic expression profile comprising pro-
teins that are differentially expressed between young adults
without severe sepsis (YN), elderly adults without severe
sepsis (ON), young adults with severe sepsis (YY) and/or
elderly adults with severe sepsis (OY). Although it is not
necessary to understand the mechanism of an invention, it is
believed that many differentially-expressed proteins are
unique to either younger or older adults which may explain an
increased risk of severe sepsis in older adults. It is further
believed that many differentially-expressed proteins that are
common to the young and elderly adult groups may also be
identified. The data presented herein demonstrate that the
fold-change direction observed for differentially expressed
proteins in common between young and elderly patients var-
ies depending on patient age and thus may explain higher risk
of severe sepsis in older adults.
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[0118] The data presented herein identify fifty-nine (59) sons from both age groups (i.e., YS/YC and OS/OC). See,
differentially-expressed proteins were identified in compari- Table 7.

TABLE 7

List of differentially-expressed proteins in patients with severe sepsis as a function of age

Acc. YS/YC 0Os/0C
No. Protein Name (mean = SD?)  (mean = SD)
014791 Apolipoprotein L1 / 1.390 £ 0.701
095445 Apolipoprotein M / 1.438 +0.483
P0O1008 Antithrombin-IIT 0.596 = 0.064 /
P01011°  Alpha-1-antichymotrypsin 1.577 £ 0.867 0.683 = 0.183
P02649 Apolipoprotein E 2.105 £ 0.301  0.646 = 0.170
P02652 Apolipoprotein A-IT 0.502 = 0.080  1.447 = 0.463
P02654 Apolipoprotein C-I / 2.165 = 1.022
P02656 Apolipoprotein C-III 0.690 = 0.294  1.426 = 0.769
P02671 Fibrinogen alpha chain 2.441 £ 0.719  0.597 = 0.129
P02675 Fibrinogen beta chain 2.102 £ 0.579 /
P02679 Fibrinogen gamma chain 2.077 £ 0.720 /
P02735 Serum amyloid A protein 3.058 = 1.088 /
P02741 C-reactive protein 3.268 = 1.070  0.521 = 0.221
P02749 Beta-2-glycoprotein 1 / 1.582 £ 0.611
P02750 Leucine-rich alpha-2-glycoprotein 2.140 £ 0.296 /
P02751 Fibronectin / 0.624 £0.314
P02753 Retinol-binding protein 4 0.525 £ 0.088 /
P02763 Alpha-1-acid glycoprotein 1 2.033 £0.426 /
P02766 Transthyretin 0.440 = 0.094 /
P02774 Vitamin D-binding protein 0.568 = 0.084 /
P02775 Platelet basic protein / 0.758 £0.211
P04114 Apolipoprotein B-100 1.523 £ 0.253 /
P04259 Keratin, type H cytoskeletal 6B 0.521 £ 0.056 /
P04275 von Willebrand factor 2.047 £ 0.340 /
P04278 Sex hormone-binding globulin 0.698 = 0.258 /
P05090 Apolipoprotein D / 1.470 £0.321
P0O5154 Plasma serine protease inhibitor 0.726 £ 0.457 /
P05452 Tetranectin 0.640 = 0.103 /
P05546 Heparin cofactor 2 0.707 £ 0.255 /
P06276 Cholinesterase / 1.452 £0.474
P06396 Gelsolin 0.546 = 0.098 /
P07996 Thrombospondin-1 / 0.645 = 0.335
POR779 Keratin, type I cytoskeletal 16 / 0.754 = 0.355
P10909 Clusterin 0.731 £ 0.297 /
P13645 Keratin, type I cytoskeletal 10 0.582 = 0.064 /
P15169 Carboxypeptidase N catalytic chain 1.312 £ 0.364 /
P16070 CD44 antigen 1.618 £ 0.545 /
P18428 Lipopolysaccharide-binding protein 2.201 £ 0.502  0.762 = 0.321
P19652 Alpha-1-acid glycoprotein 2 2.169 = 0.598 /
P19823 Inter-alpha-trypsin inhibitor heavy chain / 1.397 £0.528
H2
P19827 Inter-alpha-trypsin inhibitor heavy chain / 1.576 £ 0.582
H1
P20061 Transcobalamin-1 / /
P20851 C4b-binding protein beta chain 1.391 = 0.460 /
P29622 Kallistatin / 1.685 £0.574
P35542 Serum amyloid A-4 protein 0.476 = 0.044 /
P35858 Insulin-like growth factor-binding protein / 1.393 £ 0.462
complex acid labile subunit
P61626 Lysozyme C 1.905 = 0.958 /
P61769 Beta-2-microglobulin 1.887 = 1.020 /
P80108 Phosphatidylinositol-glycan-specific 0.390 = 0.064 /
phospholipase D
Q03591 Complement factor H-related protein 1 1.312 £ 0.595 /
Q04756 Hepatocyte growth factor activator / 1.808 + 0.681
Q15431 Synaptonemal complex protein 1 / 1.372 £ 0.620
Q6UXB8  Peptidase inhibitor 16 / 2.028 £0.782
Q86UD1  Out at first protein homolog / 0.742 £0.193
Q86UV6  Tripartite motif-containing protein 74 / 1.847 £ 0.787
Q96KN2  Beta-Ala-His dipeptidase / 2.060 =0.931
Q96PD5  N-acetylmuramoyl-L-alanine amidase 0.576 £ 0.061  1.347 = 0.393
Q9BXR6 Complement factor H-related protein 5 / 0.716 = 0.181
QI9NXD2 Myotubularin-related protein 10 / 1.779 £ 0.692
Q9Y6R7  IgGFc-binding protein / 0.700 = 0.259

4Accession number provided from the Uniprothuman database(Apr. 25, 2010, 20295 sequences).

"Mean and SD values are calculated based on the reporter ion ratios for proteins quantified in at least 6
biological experiments.

“Proteins quantified in both comparisons are in bold.
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The measured fold-change values reported in Table 7 include
the mean and standard deviation (SD) for each protein based
on the ratios averaged across all biological replicates.
[0119] As described herein, an iTRAQ-based semi-quanti-
tative proteomics workflow was employed to identify differ-
entially-expressed proteins in 50-65 and 70-85 year old CAP
patients who developed severe sepsis as compared to those
patients that did not. For example, a tandem MARS depletion
was performed on a MARS Hu-6 column to effectively
remove high abundance proteins. The collected data was
derived from patient samples from the four groups (i.e., YC,
YS, OC and OS) that were randomly assigned to one of four
iTRAQ reagents in a blind fashion across ten SCX-LC-MS/
MS experiments.

[0120] An exemplary L.C chromatogram for 13 SCX frac-
tions of pooled iTRAQ 4-plex samples is shown. See, FIG.
22. Triplicate LC-MS/MS runs performed for each fraction
were reproducible. Example spectra demonstrate peak isola-
tion and fragmentation. See, FIGS. 22B-G. The data show
doubly-charged peptides at m/z 748.9046 and 742.9010 in
SCX fractions 7 and 6 that were eluted from the column at
t,=57.20 min and 37.26 min, respectively. See, FIGS. 22B and
22C, respectively. The CID MS/MS spectra display a con-
secutive series of b- and y-fragment ions used to assign the
peptides as [YYTYLIMNK+2H]** of protein Complement
C3 and [GWVTDGFSSLK+2H]** of protein Apolipoprotein
CIII, respectively. See, FIGS. 22D and 22E, respectively. A
mass increase of 145 Da was observed for bl and y1 ions for
each of the two peptides, indicating iTRAQ labeling at the
N-terminus and the presence of lysine at the C-terminus.
HCD MS/MS spectra also contain a series of b- and y-ions
used to confirm the sequence of peptides. See, FIGS. 22F and
22G, respectively. The lower m/z region of the HCD MS/MS
spectra shows the intensity of the reporter ions which is used
to quantify the peptides. See, inserts, FIGS. 22F and 22G,
respectively. The ratios across the four groups were 1.0:0.9:
1.0:1.0 and 1.0:1.3:2.5:0.5 for reporter ions 114:115:116:117
from Complement C3 and Apo CIII, respectively. See, FIGS.
22F and 22G, respectively.

[0121] The data presented herein shows an average
numberzstandard deviation of spectral counts (SCs) and pro-
teins identified in each of the ten biological replicate experi-
ments. See, FIG. 23. An average of 283+14 proteins and
59,645+4129 spectral counts were identified and similar
results were obtained across individual experiments. The
total number of proteins identified increases with each pooled
sample experiment such that a total of 772 unique proteins
were identified from all plasma samples. Based on SCs, the
three most abundant proteins are Complement C3 (49,749
SCs), a-2-macroglobulin (47,273 SCs) and Apolipoprotein
Al (28,261 SCs).

[0122] Western blotting analysis was employed to generate
a secondary measurement for several differentially expressed
proteins. Proteins involved in an acute phase response (i.e.,
CRP), coagulation pathway (i.e., FAC) pathway and lipid
metabolism (i.e., ApoCIII) were selected. See, FIGS. 24A-C.
The histogram plots represent the normalized intensities cor-
responding to the density of the band spots for each group.
The relative abundance obtained from the iTRAQ-based sep-
sis proteomics workflow of CRP, FAC and ApoCIII were
3.27:1.00:1.74:3.34, 2.44:1.00:2.97:4.98, and
0.69:1.00:0.58:0.40, respectively.

[0123] These observed Western blot data are consistent
with the measured iTRAQ results for the fifty-nine differen-
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tially-expressed proteins that were identified in comparisons
from both age groups (i.e., YS/YC and OS/OC)(Y=young,
O=elderly; S=sepsis, C=control or without sepsis). See, Table
7. The measured fold-change values reported in the table
include the mean and SD for each protein based on the ratios
averaged across all biological replicates. As shown, 28 pro-
teins are differentially-expressed in the population of 50-65
year olds (i.e., YS/YC) in which 14 have higher levels and 14
have lower levels in patients with severe sepsis compared to
those with CAP. See, FIG. 25. In the population of 70-85 year
olds (i.e., OS/OC), 23 proteins are differentially-expressed, in
which 16 and seven have higher and lower levels in patients
with severe sepsis, respectively. Of the 59 total differentially-
expressed proteins, eight are in common amongst both age
groups. Interestingly, however the direction of the fold
change differs in younger and older adults. Specifically,
alpha-1-antichymotrypsin (A1ACT), apolipoprotein (Apo)
E, fibrinogen o chain, C-reactive protein (CRP), and LPS
binding protein (LBP) levels were higher in younger adults
with severe sepsis but lower in older adults with severe sepsis
relative to age-matched controls, suggesting that lower levels
of these proteins is associated with increased risk and inci-
dence of severe sepsis in older adults. On the other hand, Apo
All, Apo CIII, and N-acetylmuranoyl-L.-anlanineamidase
have lower and higher levels in younger and older with severe
sepsis, respectively, suggesting that higher levels of these
proteins may be factors for increased severe sepsis risk in
older adults.

[0124] Usingan Ingenuity Pathway Analysis method, nine-
teen (19) biological pathways were significantly over-repre-
sented (p<0.05) for the 59 identified differentially-expressed
proteins. See, FIG. 26. The most represented pathways
include LXR/RXR activation and acute phase response sig-
naling whereby 18 proteins are associated with each of these
pathways. Next, many differentially-expressed proteins are
involved in atherosclerosis signaling, interleukin (I1)-12 sig-
naling and production of NO and reactive oxygen species in
macrophages, and endocytosis signaling. Fewer proteins are
involved in the remaining biological pathways such as actin
cytoskeleton and IL.-6 signaling.

IV. Sepsis Proteomic Pathway Expression Profiles

[0125] In one embodiment, the present invention contem-
plates determining the effects of aging on severe sepsis risk by
evaluating, an acute plasma proteome. While sepsis can occur
as early as the neonatal stage, incidence and morbidity
increases with age and rises sharply after 65 years, presum-
ably due to immunosenescence and high levels of inflamma-
tory proteins. Martin et al., “The effect of age on the devel-
opment and outcome of adult sepsis” Critical Care Medicine
34:15-21 (2006); and Opal et al., “The immunopathogenesis
of sepsis in elderly patients” Clinical Infectious Diseases
41:8504-S512 ((2005); McDonald et al., “Aging is associated
with impaired thrombus resolution in a mouse model of stasis
induced thrombosis” Thrombosis Research 125:72-78
(2010); Turnbull et al., “Effects of aging on the immuno-
pathologic response to sepsis. Critical Care Medicine 37,
1018-1023 (2009); Yamamoto et al., “Aging accelerates
endotoxin-induced thrombosis: increased responses of plas-
minogen activator inhibitor-1 and lipopolysaccharide signal-
ing with aging” The American Journal of Pathology 161:
1805-1814 (2002); Cohen et al., “Coagulation and activation
of inflammatory pathways in the development of functional
decline and mortality in the elderly” The American Journal of
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Medicine 114:180-187 (2003); Downie et al., “Community-
acquired neonatal and infant sepsis in developing countries:
efficacy of WHO’s currently recommended antibiotics-sys-
tematic review and meta-analysis” Archives of Disease in
Childhood 98:146-154 (2013); Karumbi et al., “Topical
umbilical cord care for prevention of infection and neonatal
mortality” Pediatric Infectious Disease Journal 32:78-83
(2013); Kaplan et al., “Hospitalized community-acquired
pneumonia in the elderly” American Journal of Respiratory
and Critical Care Medicine 165:766-772 (2002); Girard et
al., “Bacteremia and sepsis in older adults” Clinics In Geri-
atric Medicine 23:633-647 (2007); Fulop et al., “Role of
immunosenescence in infections and sepsis in the elderly” In:
Handbook on Immunosenescence, Fulop etal., Eds., pp. 965-
977, (2009) Springer Netherlands; and Bruunsgaard et al.,
“Impaired production of proinflammatory cytokines in
response to lipopolysaccharide (LPS) stimulation in elderly
humans” Clinical And Experimental Immunology 118:235-
241 (1999). However, none of these reports have identified
significant differences with age for inflammatory and coagu-
lation proteins and cell surface markers in patients with severe
sepsis. Kale et al., “The effects of age on inflammatory and
coagulation-fibrinolysis response in patients hospitalized for
pneumonia” PLoS ONE 5:¢13852 (2010).

[0126] The data presented herein provide the basis for an
age-related sepsis proteomic expression profile that identified
proteins involved various biological pathways including, but
not limited to, acute phase signaling, coagulation pathway,
and lipid/or metabolism that are differentially-expressed in
an elderly population.

[0127] A. Acute Phase Response Pathways

[0128] Sepsis is believed to induce a pro-inflammatory
state which can be characterized by elevated levels of pro-
inflammatory cytokines, such as IL-6, IL-10 and tumor
necrosis factor (TNF)-a. Cohen J., “The immunopathogen-
esis of sepsis” Nature 420:885-891 (2002). These pro-inflam-
matory cytokines regulate acute phase responses and the
expression of acute phase proteins (APPs). Altered expres-
sion of APPs has been demonstrated in sepsis. For example,
increased levels of a-1-acid glycoprotein (A1AG), A1ACT,
and LBP and decreased levels of transthyretin (TTR) are
observed in 65 year old sepsis patients and cecal ligand/
puncture (CLP) mouse and pig models. It also appears that
acute phase response increases with the disease severity. For
example, sepsis patients have higher levels of CRP and lower
levels of serum amyloid A4 relative to patients with systemic
inflammatory response syndrome (SIRS), another precursor
to sepsis. Povoa et al., “C-reactive protein: a valuable marker
of sepsis” Intensive Care Medicine 28:235-243 (2002); Shen
et al., “Sepsis Plasma Protein Profiling with Immunodeple-
tion, Three-Dimensional Liquid Chromatography Tandem
Mass Spectrometry, and Spectrum Counting” Journal of Pro-
teome Research 5:3154-3160 (2006); Zweigner et al., “High
concentrations of lipopolysaccharide-binding protein in
serum of patients with severe sepsis or septic shock inhibit the
lipopolysaccharide response in human monocytes” Blood
98:3800-3808 (2001); Kalenka et al., “Changes in the serum
proteome of patients with sepsis and septic shock™ Anesthesia
& Analgesia 103:1522-1526 (2006); Ren et al., “The alter-
ations of mouse plasma proteins during septic development”
Journal of Proteome Research 6:2812-2821 (2007); Thong-
boonkerd et al., “Altered plasma proteome during an early
phase of peritonitis-induced sepsis” Clinical Science 116:
721-730 (2009).
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[0129] In the data presented herein it was observed that
eighteen (18) differentially-expressed proteins including, but
not limited to, CRP, LBP, A1ACT, and TTR may be involved
in acute phase response and the levels in younger adults are
consistent with above cited studies. See, FIG. 26. For
example, CRP (fold-change YS/YC 3.268+1.070), LBP
(2.201+0.502), A1ACT (1.577+0.867), and A1AG (2.033+0.
426) have higher concentrations while TTR (0.440+0.094)
has lower concentrations in younger adults who developed
severe sepsis as compared to those did not. Also evidenced in
the present data is that acute phase response also varies
depending on patient age. The proteins CRP (0.521£0.221),
LBP (0.762+£0.321), and A1ACT (0.683+0.183) have lower
concentrations in older adults who later developed severe
sepsis suggesting that lower expression of these proteins at
older age leads to severe sepsis. CRP and LBP have protective
effects by neutralizing the toxicity of pathogens, such that
decreased expression of these proteins in older patients may
help explain higher risk and mortality of severe sepsis. Pévoa
etal., “C-reactive protein as a marker of infection in critically
ill patients” Clinical Microbiology and Infection 11:101-108
(2005); Masia et al., “Serum concentrations of lipopolysac-
charide-binding protein as a biochemical marker to differen-
tiate microbial etiology in patients with community-acquired
pneumonia” Clinical Chemistry 50:1661-1664 (2004);
Tschaikowsky et al., “Lipopolysaccharide-binding protein
for monitoring of postoperative sepsis: complemental to
C-reactive protein or redundant?” PLoS ONE 6:€23615
(2011); and Villar et al., “Serum lipopolysaccharide binding
protein levels predict severity of lung injury and mortality in
patients with severe sepsis” PLoS ONFE 4:¢6818 (2009). Both
aging and severe sepsis alter the immune system and response
to infection. Sadeghi et al., “Phenotypic and functional char-
acteristics of circulating monocytes of elderly persons”
Experimental Gerontology 34:959-970. Taken together, these
results of acute phase response imply that a hypoinflamma-
tory response in older adults may increase risk of severe
sepsis, consistent with other literature reports. Welty-Wolf et
al., “Proinflammatory cytokines increase in sepsis after anti-
adhesion molecule therapy” Shock 13:404-409 (2000); and
Gustot T., “Multiple organ failure in sepsis: prognosis and
role of systemic inflammatory response” Curr. Opin. Crit.
Care 17:153-159 (2011).

[0130]

[0131] Pro-inflammatory cytokines can also activate the
coagulation pathway. Briefly, the activation of a series of
coagulation factors cleave prothrombin to thrombin, which in
turn converts soluble fibrinogen into fibrin, upon which cross-
linked fibrin forms blood clots. In sepsis patients, pro-coagu-
lation overwhelms fibrinolysis (or anti-coagulation) leading
to the presence of more blood clots. This has been demon-
strated by decreased levels of anti-coagulant proteins (e.g.,
antithrombin III (ATII), and heparin cofactor II) and
increased levels of pro-coagulant proteins (e.g., fibrinogen,
Von Willebrand factor (VWF)) in sepsis patients. Amaral et
al,, “Coagulation in sepsis” Intensive Care Medicine
30:1032-1040 (2004); Soares et al., “Differential proteomics
of the plasma of individuals with sepsis caused by Acineto-
bacter baumannii” Journal of Proteomics 73:267-278 (2009);
Ware et al., “Significance of von Willebrand factor in septic
and nonseptic patients with acute lung injury” American
Journal of Respiratory and Critical Care Medicine 170:766-
772 (2004); and Kaspereit et al., “The effect of fibrinogen

B. Blood Factor Coagulation Pathways
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concentrate administration on coagulation abnormalities in a
rat sepsis model” Blood Coagulation & Fibrinolysis 15:39-43
(2004).

[0132] In the presently disclosed data, elevated levels of
fibrinogen alpha chain (2.441+0.579), fibrinogen beta chain
(2.102£0.579), fibrinogen gamma chain (2.077+0.720) and
VWF (2.047+£0.340) were found in younger adults who
developed severe sepsis. Fibrinogen has higher concentra-
tions and ATTII has lower concentrations in sepsis. Ren et al.,
“The alterations of mouse plasma proteins during septic
development” Journal of Proteome Research 6:2812-2821
(2007); and Soares et al., “Differential proteomics of the
plasma of individuals with sepsis caused by Acinerobacter
baumannii”’ Journal of Proteomics 73:267-278 (2009).
[0133] Higher levels of VWF are associated with mortality
in sepsis, while higher levels of fibrinogen and VWF may
indicate the presence of more blood clots in younger patients,
consistent with literature reports, whom developed severe
sepsis. Ware et al., “Significance of von Willebrand factor in
septic and nonseptic patients with acute lung injury” Ameri-
can Journal of Respiratory and Critical Care Medicine 170:
766-772 (2004); Kaspereit et al., “The effect of fibrinogen
concentrate administration on coagulation abnormalities in a
rat sepsis model” Blood Coagulation & Fibrinolysis 15:39-43
(2004); van't Veer et al., “Keeping blood clots at bay in sepsis”™
Nat Med 14:606-608 (2008); and Sunder-Plassmann et al.,
“Disseminated intravascular coagulation and decrease in
fibrinogen levels induced by vincristine/prednisolone therapy
of lymphoid blast crisis of chronic myeloid leukemia™ Ann.
Hematol. 62:169-173 (1991). This notion is further supported
by decreased concentrations of ATTII (0.596+0.064) and hep-
arin cofactor II (0.707+0.255) in these studies. Interestingly,
fibrinogen (0.597+0.129) had lower levels in older adults who
developed severe sepsis. Although it is not necessary to
understand the mechanism of an invention, it is believed that
the presently disclosed proteomic sepsis expression profile
indicates that an acute response of reduced coagulation activ-
ity may be a contributing factor to higher incidence and
mortality of severe sepsis found in older adults.

[0134] C. Lipid Metabolism Pathways

[0135] Apolipoproteins have been suggested to play a role
in liver X receptor/retinoid X receptor (LXR/RXR) activation
and atherosclerosis signaling. For example, activated LXR/
RXR complex can enhance the process of reverse cholesterol
transport and cholesterol efflux, which transfers accumulated
cholesterol from the blood vessel walls to the liver for excre-
tion. Larrede et al., “Stimulation of cholesterol efflux by LXR
agonists in cholesterol-loaded human macrophages is
ABCAI1-dependent but ABCG1-independent” Arteriosclero-
sis, Thrombosis, and Vascular Biology 29:1930-1936 (2009);
and Zhao et al., “Liver X receptor in cholesterol metabolism”
Journal of Endocrinology 204:233-240 (2010). Additionally,
activated LXR/RXR can reduce the expression of pro-inflam-
matory cytokines (e.g., IL-6, IL-1f) by inhibition of the activ-
ity of transcription factor NF-kB. Myhre et al., “Liver X
receptor is a key regulator of cytokine release in human
monocytes” Shock 29:468-474 (2008). Interestingly, acute
phase response pathway proteins, which are activated during
aging and severe sepsis (supra), can inhibit LXR/RXR acti-
vation. Khovidhunkit et al., “Thematic review series: the
pathogenesis of atherosclerosis. effects of infection and
inflammation on lipid and lipoprotein metabolism mecha-
nisms and consequences to the host” Journral of Lipid
Research45:1169-1196 (2004). Failed activation ofthe LXR/
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RXR complex may lead to atherosclerosis, which is associ-
ated with severe sepsis Brazil, M., “Macrophage LXRs
inhibit atherosclerosis” Nat Rev Drug Discov 1:840-840
(2002); Joseph et al., “Synthetic LXR ligand inhibits the
development of atherosclerosis in mice” Proceedings of the
National Academy of Sciences 99:7604-7609 (2002);
Hackam et al., “Statins and sepsis in patients with cardiovas-
cular disease: a population-based cohort analysis” Lancet
367:413-418 (2006); and Podnos et al., “Intra-abdominal
Sepsis in Elderly Persons™ Clinical Infectious Diseases
35:62-68 (2002).

[0136] Alteredlevels of apoliproteins have been reported in
sepsis, For example, elevated levels of Apo B-100 and lower
concentrations of Apo CIII in response to inflammation. Phet-
teplace et al., “Escherichia coli sepsis increases hepatic apo-
lipoprotein B secretion by inhibiting degradation™ 35:1079-
1085 (2000); and Lacorte et al., “Repression of apoC-III gene
expression by TNFa involves C/EBPY/NF-IL6J via an IL.-1
independent pathway” FEBS Letters 415:217-220 (1997).
The data provided herein also shows an increased expression
of Apo B-100 (1.523-0.253) and decreased expression of Apo
CIII (0.690+0.294) in younger adults who developed severe
sepsis. Although it is not necessary to understand the mecha-
nism of an invention, it is believed that these changes may
suggest suppressed activation of the LXR/RXR pathway and
subsequent higher risk of atherosclerosis in younger adults.
Higher levels of Apo E (2.105+0.301) were found in younger
adults, however lower levels (0.646+0.170) were detected in
older adults. Kattan et al., “Apolipoprotein E-mediated
immune regulation in sepsis” J Immunol 181:1399-1408
(2008). Also, higher levels of Apo CI (2.165+£1.022) and
lower levels of Apo M (1.438+0.483) were detected in older
adults who developed severe sepsis. Apo CI levels correlate
with survivorship in ~25 year old severe sepsis patients and
may promote atherosclerosis. Berbée et al., “Plasma apolipo-
protein CI correlates with increased survival in patients with
severe sepsis” Intensive Care Medicine 34:907-911 (2008);
Westerterp et al., “Apolipoprotein CI aggravates atheroscle-
rosis development in ApoE-knockout mice despite mediating
cholesterol efflux from macrophages™ Atherosclerosis 195:
€9-e16 (2007); and Westerterp et al., “Apolipoprotein C-I is
crucially involved in lipopolysaccharide-induced atheroscle-
rosis development in apolipoprotein E-knockout mice” Cir-
culation 116:2173-2181 (2007). Apo M has also been
reported to have higher concentrations in severe sepsis
patients and contributes to the anti-inflammatory response in
sepsis. Christoffersen et al., “Apolipoprotein M—a new
biomarker in sepsis” Critical Care 16:126 (2012); and Kuma-
raswamy et al., “Decreased plasma concentrations of apoli-
poprotein M in sepsis and systemic inflammatory response
syndromes” Crit Care 16:R60 (2012). Although it is not
necessary to understand the mechanism of an invention, it is
believed that higher levels of Apo M in older adults who
developed severe sepsis suggest that these patients have a
reduced inflammatory state during acute response. It is fur-
ther believed that lipid metabolism is altered in these studies
points to atherosclerosis as a contributing factor of severe
sepsis incidence.

[0137] D. Interleukin (IL) Pathways

[0138] Pathways involved in 1-12 and 11-6 signaling were
identified in the proteomic sepsis expression provide that
support observations of their involvement in hypoinflamma-
tory response in older adults. See, Table 7. Diefenbach et al.,
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“Requirement for type 2 NO synthase for I1.-12 signaling in
innate immunity:” Science 284:951-955 (1999).

[0139] E. Nitric Oxide/Reactive Oxygen Species Pathways
[0140] Pathways of differentially-expressed proteins were
identified that involve the production of nitric oxide (NO) and
reactive oxygen species (ROS) (i.e., for example, retinol
binding protein 1, lysozyme C and/or clusterin). Enhanced
production of nitric oxide (NO) and reactive oxygen species
(ROS) in macrophages has been previously reported in aging
and sepsis which support elevated oxidative stress in the
elderly and severe sepsis patients. Kolls J. K., “Oxidative
stress in sepsis: a redox redux” The Journal of Clinical Inves-
tigation 116:860-863 (2006); Berr, C., “Cognitive impair-
ment and oxidative stress in the elderly: Results of epidemio-
logical  studies”  BioFactors  13:205-209  (2000);
Karolkiewicz et al., “Oxidative stress and antioxidant defense
system in healthy, elderly men: relationship to physical activ-
ity” The Aging Male 6:100-105 (2003); and Macdonald et al.,
“Oxidative stress and gene expression in sepsis” British Jour-
nal of Anaesthesia 90:221-232 (2003).

[0141] In one embodiment, the present invention contem-
plates measuring immune-related oxidative stress. In one
embodiment, the present invention contemplates determining
the effects of adriamycin treatment on the proteome. In one
embodiment, the present invention contemplates establishing
quantitative plasma workflow for age-related sepsis out-
comes.

[0142] F. Retinoid X Receptor Pathways

[0143] Different biological pathways have been identified
to be associated with the age-related risk of severe sepsis
among CAP patients (supra). Among these, four pathways
related to retinoid X receptor (RXR) are identified: liver X
receptor (LXR)/RXR activation, farnesoid X receptor (FXR)/
RXR activation, LPS/IL-1 mediated inhibition of RXR func-
tion, and peroxisome proliferator-activated receptor alpha
(PPARo)/RXRa activation.

[0144] RXR has been reported to play a role in the nuclear
receptor superfamily because it forms heterodimers with
many other nuclear receptors and therefore are involved in a
variety of physiological processes including immune
response. Mangelsdorf et al.,, Cell 83:841 (1995). For
example, in innate immune systems, activation of RXR has
been shown to prevent the apoptosis and inflammatory
response of macrophages. Nufiez et al., Proceedings of the
National Academy of Sciences (2010). In the adaptive
immune system, RXR has been reported to regulate the dif-
ferentiation of T-cells into regulatory or helper T-cells. Takeu-
chi et al., “The Journal of Immunology” 191:3725 (2013).
Knockout of RXR gene has been reported to result in dimin-
ished proliferation and increased apoptosis in T-cells.
Stephensen et al., Immunology 121:484 (2007). In addition,
RXR has been reported to protect human endothelial cells
from oxidative stress induced by high-dose glucose. Chai et
al., Free Radical Biology and Medicine 44:1334 (2008).
[0145] In sepsis, infection-induced damage to liver has
been reported to be reduced by the activation of RXR. Chen et
al., Shock 28:65 (2007). However, the effects of RXR on
T-cells in septic infection have not examined yet. Although it
is not necessary to understand the mechanism ofan invention,
it is believed that activation of RXR may protect T-cells from
oxidative stress induced by infection (e.g., LPS stimulation).
To test this hypothesis, CD4+ T-cells were isolated from the
spleen harvested from wild type mice at 6-month old. These
cells were cultured in the cell medium with or without LPS-
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stimulation for 24 hours. LPS-stimulated CD4+ T-cells have
increased levels of oxidative stress compared to the controls.
Increased levels of RXR are also observed in LPS-stimulated
CD4+ T-cells (data not shown). These findings suggest that
increased levels of RXR might be responsible for the
increased protein expression induced by LPS in CD4+
T-cells. For example, gene for Apo E is one of the targets for
RXR. Sureda et al., Current Pharmaceutical Design 17:230
(2011). The data presented herein showing an increased
plasma concentration of ApoE in young severe sepsis patients
(e.g., 55-65 years old) is consistent with the above suggestion,
as increased ApoE may be mediated by RXR activation.

IV. Sepsis Treatment: Current State of the Art

[0146] Conventional sepsis treatment is generally support-
ive usually requiring intravenous antibiotic administration in
a hospital or other clinical setting. Further, oxygen adminis-
tration with intravenous fluid replacement is common. Sec-
ondary treatment may include, but are not limited to, medi-
cations that increase blood pressure, dialysis and/or
mechanical ventilation. Although it is not necessary to under-
stand the mechanism of an invention, it is believed that the
data disclosed herein suggest that effective new sepsis thera-
pies may be directed at alleviating the phenomenon of immu-
nosensecence.

[0147] A broad-spectrum antimicrobial treatment is usu-
ally recommended for sepsis therapy that is initiated as soon
as possible after diagnosis. This is because early and adequate
antimicrobial therapy has been reported to reduced mortality
rates. American Thoracic Society, “Infectious Diseases Soci-
ety of America. Guidelines for the management of adults with
hospital-acquired, ventilator-associated, and healthcare-as-
sociated pneumonia” American Journal Respiratory and
Critical Care Medicine 171(4):388-416 (2005); Harbarth et
al., “Inappropriate initial antimicrobial therapy and its effect
on survival in a clinical trial of immunomodulating therapy
for severe sepsis™ American Journal of Medicine 115(7):529-
535 (2003); Kumar et al., “Duration of hypotension before
initiation of effective antimicrobial therapy is the critical
determinant of survival in human septic shock™ Critical Care
Medicine 34(6):1589-1596 (2006); Micek et al., “Pseudomo-
nas aeruginosa bloodstream infection: importance of appro-
priate initial antimicrobial treatment” Antimicrobial Agents
Chemotherapy 49(4):1306-1311 (2005); and Proulx et al.,
“Delays in the administration of antibiotics are associated
with mortality from adult acute bacterial meningitis” Quar-
terly Journal of Medicine 98(4):291-298 (2005). Unfortu-
nately this approach can expose individuals to an overuse of
antimicrobials. This is mainly because of emerging resistant
pathogens, which increase the risk of inappropriate therapy.
Leone et al., “Ventilator-associated pneumonia: Breaking the
vicious circle of antibiotic overuse” Critical Care Medicine
35(2):379-385 (2007); and Niederman et al., De-escalation
therapy in ventilator-associated pneumonia. Current Opinion
in Critical Care 12(5):425-427 (2006).

[0148] Standard antimicrobial therapy comprises the main-
tenance of an initial empirical broad-spectrum antimicrobial
therapy independent of whether the antimicrobial therapy
was a combination or a single agent. Alternatively, de-esca-
lation antimicrobial therapy comprises changing an initially
appropriate antimicrobial therapy from an empirical broad-
spectrum characteristic to a narrower-spectrum one by either
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changing the antimicrobial agent or by discontinuing an even-
tual antimicrobial combination, or both, according to culture
results or clinical conditions.

[0149] In one embodiment, the present invention contem-
plates a method for treating a sepsis patient using a therapy
including, but not limited to, fluid therapy, vasopressor
therapy, inotropic support, antibiotics, albumin and red blood
cell transfusion in patients with sepsis. In one embodiment,
the vasopressor comprises norepinephrine and/or dopamine.
Ibsen et al., “Perioperative treatment of patients with sepsis”
Curr Opin Anaesthesiol. 26(3):348-353 (2013).

[0150] As discussed above, the clinical process of severe
sepsis may be characterized by extreme inflammation inter-
linked with potent stimulation of the coagulation cascade
often followed by a state of relative immune paralysis. In
some embodiments, the present invention contemplates treat-
ing a patient with sepsis with a therapy directed at least one
inflammatory cascade step. In one embodiment, the cascade
step comprises modulating inflammatory mediators eliciting
the immune response. In one embodiment, the cascade step
comprises altering the host’s immune response in both a
stimulatory and depressive manner. In one embodiment, the
cascade step comprises taming an overexuberant coagulation
response triggered by a coagulation-inflammation cycle. Ber-
nard et al., “The Immune Response: Targets for the Treatment
of Severe Sepsis” Int J Inflam., epub 2012:697592 (2012).

[0151] A. Antibiotic Therapy

[0152] In one embodiment, the present invention contem-
plates a method of treating a sepsis patient by the administra-
tion of a broad-spectrum antibiotic. In one embodiment, a
broad spectrum antibiotic includes, but is not limited to,
ampicillin, amoxicillin, carbapenems, imipenem, mero-
penem, ertapenem, piperacillin, tazobactam, levofloxacin,
gatifloxacin, moxifloxacin, ciprofloxacin, streptomycin, tet-
racycline, chloramphenicol and/or ticarcillin. Although it is
not necessary to understand the mechanism of an invention a
broad-spectrum antibiotic is believed to be an antibiotic that
acts against a wide range of disease-causing bacteria. For
example, a broad-spectrum antibiotic acts against both Gram-
positive and Gram-negative bacteria, in contrast to a narrow-
spectrum antibiotic, which is effective against specific fami-
lies of bacteria.

[0153] Early, appropriate antibiotic therapy is usually rec-
ommended for the treatment of the septicemic patient. The
degree of organ dysfunction, underlying medical conditions,
and physiologic abnormalities are prognostic factors but are
not necessarily prognostic for initial antibiotic selection. Ini-
tial empiric therapy should be directed against the resident
flora of the organ, which is primarily involved in the infec-
tious process. Blood cultures should be obtained in all
patients for the initiation of antibiotic therapy, and methods
should be employed for the early detection of septicemia.
Other conditions that mimic sepsis, e.g., pseudosepsis,
should be ruled out initially to avoid an incorrect diagnosis
and unnecessary antibiotic therapy. Monotherapy and fully
recommended doses of antimicrobial drugs delivered by the
intravenous route as soon as the diagnosis is established
remain the cornerstone of therapy in treating the septic
patient. Monotherapy with an antibiotic of the appropriate
spectrum is more than adequate to treat the great majority of
septicemic patients. Double-drug therapy is recommended to
treat febrile leukopenic compromised hosts, serious P
aeruginosa infections, and selected cases of intra-abdominal
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sepsis. Cunha B A., “Antibiotic treatment of sepsis” Med Clin
North Am. 1995 May; 79(3):551-558.

[0154] Antibiotic selection made within the first hour of
recognition of severe sepsis and septic shock has been shown
to decrease mortality. Methods of determining what antibiot-
ics should be prescribed and identification of factors influ-
encing ineffective antibiotic coverage in patients with severe
sepsis or septic shock have been reported. For example, a
retrospective review of emergency department (ED) patients
admitted to an intensive care unit (ICU) over a 12-month
period with a culture-positive diagnosis of either severe sepsis
or septic shock was performed. Appropriate antibiotic
therapy was defined as effective coverage of the offending
organism based on final culture results. Of the 1400 patients
admitted to the ICU, 137 patients were culture positive and
met the criteria for severe sepsis or septic shock. Effective
antibiotic coverage was prescribed by emergency physicians
in 82% (95% confidence interval [CI]0.74-0.88) of cases. Of
the 25 patients who received ineffective antibiotics, the
majority had infections caused by resistant Gram-negative
organisms. Health care-associated pneumonia guidelines
were applied to all patients, regardless of the source of infec-
tion, and were 100% sensitive (95% CI 0.93-1.0) for selecting
patients who had infections caused by highly resistant organ-
isms. Emergency physicians achieved 82% effective antibi-
otic coverage in patients with severe sepsis or septic shock.
The gap seems to be in coverage of highly resistant Gram-
negative organisms. An alternative approach to antibiotic pre-
scription, utilizing a set of guidelines for community- and
health care-associated infections, was found to be 100% sen-
sitive in selecting patients who had infections caused by the
more resistant organisms. Capp et al., “Effective antibiotic
treatment prescribed by emergency physicians in patients
admitted to the intensive care unit with severe sepsis or septic
shock: where is the gap?” J Emerg Med. 2011 41(6):573-580.

[0155] Antibiotics are generally used to treat bacterial sep-
sis because it is believed that they reduce the bacterial burden.
The impact of bacterial resistance has recently been studied
and found to be important in a range of conditions. Resistance
to antibiotics can be defined genotypically, phenotypically
and clinically through pharmacokinetic/pharmacodynamic
studies and their correlations with clinical outcomes.
Although the kinetics of antibiotics has been shown to be
favourably altered in sepsis, a range of studies in sepsis has
revealed that for most pathogens resistance contributes to
significant increases in mortality. This has been demonstrated
in bacteraemia, including community- and hospital-acquired
infection, and with bacteraemia caused by vancomycin-resis-
tant enterococci, methicillin-resistant staphylococci and
extended-spectrum producing Gram-negative bacteria. Sig-
nificant mortality increases have also been seen with ventila-
tor-associated pneumonia and serious infections requiring
admission to intensive care. Gentotypic and phenotypic resis-
tance in coagulase-negative staphylococci causing bacter-
aemia, and in invasive pneumococcal disease has not shown
differences in mortality. In the latter case, dosage regimens
have to date been adequate to overcome laboratory-defined
resistance. Early indications are that de-escalating therapy
from broad-spectrum initial coverage after results of cultures
and susceptibility tests become available does not jeopardize
outcomes, and further prospective studies are warranted.
There is now convincing evidence that broad-spectrum initial
therapy to cover the likely pathogens and their resistances
pending culture results is useful in sepsis to minimize adverse
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outcomes. Turnidge J., “Impact of antibiotic resistance on the
treatment of sepsis” Scand J Infect Dis. 2003;35(9):677-682.

[0156]

[0157] Decades ago, unfruitful attempts were made to cre-
ate antibodies with the potential to bind and to prevent inflam-
matory bacterial components from triggering the hyperin-
flammatory response of sepsis. Lipopolysaccharide (LPS), a
primary mediator in gram-negative sepsis, was the target of
researchers as early as the 1980s. Clinicians tested ES and
HAI1A, both anti-LPS monoclonal antibodies, as treatments
for septic patients. In initial studies, both antibodies showed
encouraging results in small subsets of patients. Fink showed
improvement in mortality in patients with culture-proven
gram-negative bacteremia when treated with HA1A. Fink M
P. “Adoptive immunotherapy of gram-negative sepsis: use of
monoclonal antibodies to lipopolysaccharide” Critical Care
Medicine 21(supplement 2):S32-S39 (1993). Ziegler et al.
showed improved mortality with the use of HA-1A therapy in
200 patients with proven gram-negative sepsis. The 343 sep-
tic patients without culture proven gram-negative bacteremia
showed no treatment benefit. Ziegler et al., “Treatment of
gram-negative bacteremia and septic shock with HA-1A
human monoclonal antibody against endotoxin. A random-
ized, double-blind, placebo-controlled trial” New England
Journal of Medicine. 1991; 324(7):429-436. Greenman et al.
evaluated ES in 1991 and showed improved mortality and
resolution of organ failure in a subgroup of patients not in
shock at the time of study entry. Greenman et al., “A con-
trolled clinical trial of ES murine monoclonal IgM antibody
to endotoxin in the treatment of gram-negative sepsis” Jour-
nal of the American Medical Association. 1991;266(8):1097-
1102. In a follow-up study, Bone et al. evaluated 530 patients
with suspected or proven gram-negative sepsis and did not
find a difference in mortality but demonstrated improvement
of organ failure resolution in those treated with ES as well as
prevention of adult respiratory distress syndrome and central
nervous system organ failure. Bone et al., “A second large
controlled clinical study of E5, a monoclonal antibody to
endotoxin: results of a prospective, multicenter, randomized,
controlled trial” Critical Care Medicine. 1995; 23(6):994-
1006. Unfortunately, further studies of these therapies in
larger clinical trials including more than 1,000 patients each
were unable to confirm efficacy. Alejandria et al., “Intrave-
nous immunoglobulin for treating sepsis and septic shock”
Cochrane Database of Systematic Reviews. 2002; (1):p.
CD001090; Angus et al., “ES murine monoclonal antiendot-
oxin antibody in gram-negative sepsis: a randomized con-
trolled trial” Journal of the American Medical Association.
2000; 283(13): 1723-1730; McCloskey et al., “Treatment of
septic shock with human monoclonal antibody HA-1A: a
randomized, double-blind, placebo-controlled trial” Arnals
of Internal Medicine. 1994; 121(1):1-5.

[0158] More recently, this approach has been revisited with
the concept of inhibiting toll-like receptor 4 (TLR-4) which is
expressed on the surface of immune cells and binds LPS and
other ligands to initiate an intracellular signaling cascade
resulting in the release of proinflammatory cytokines. Salo-
mao et al., “TLR signaling pathway in patients with sepsis”
Shock. 2008; 30(supplement 1):73-77. The therapy, TAK-
242, functions as a signal inhibitor of the TLR-4 pathway
acting after TLR-4 binds with LPS. In septic animal models
an improved survival associated with decreased levels of
inflammatory cytokines has been shown with the use of this
therapy. Furthermore, its use in healthy volunteers prior to

B. Inflammatory Mediator Inhibitor Therapy
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instillation of LPS also resulted in decreased levels of inflam-
matory cytokines when these patients were given an LPS
challenge. In 2010, Rice et al. evaluated TAK-242 in a ran-
domized, placebo-controlled trial of patients with severe sep-
sis and shock or respiratory failure. High-dose and low-dose
treatment regiments were compared to placebo with primary
endpoints of change in IL.-6 level and 28-day mortality rate.
This trial was terminated after enrollment of 274 patients
failed to show suppression of IL-6 levels. Evaluation of the
treated patients showed no difference in 28-day mortality
compared to placebo, however, there was a trend toward
improved survival in those with both shock and respiratory
failure who were in the higher treatment dose cohort. Rice et
al., “A randomized, double-blind, placebo-controlled trial of
TAK-242 for the treatment of severe sepsis™ Critical Care
Medicine. 2010, 38(8):1685-1694. It may be that this therapy
could be effective in patients with a higher severity of illness,
as suggested by the trend towards improved survival of the
patients with both respiratory failure and shock. Furthermore,
the mean time from onset of shock or respiratory failure to
initiation of TAK-242 therapy was 19 hours. The dynamic
nature of the immune response has been well described and it
could be postulated that the delay of 19 hours is too long for
the treatment to have the ability to suppress the immune
response.

[0159] C. Steroid Therapy

[0160] Steroids are believed to act early in the inflamma-
tory cascade eliciting a wide range of effects via broad sup-
pression of the immune system and are hypothesized to pro-
vide benefit as a supplementary treatment of sepsis. Steroids
function by inhibiting production of compounds including,
but not limited to, proinflammatory cytokines (i.e., for
example, TNF-a, IL-1, IL-2, IL-6, and IFN-gamma),
chemokines, bradykinins, and eicosanoids. Simultaneously,
they may increase anti-inflammatory mediators (IL-10, 1L-1
receptor antagonists, and TNF receptor antagonists), inhibit
inducible nitric oxide synthase, decrease migration of inflam-
matory cells to sites of inflammation, and reduce the function
of inflammatory cells. Rice et al., “Therapeutic intervention
and targets for sepsis” Annual Review of Medicine. 2005;
56:225-248. Tt is further postulated that steroids increase the
expression of adrenergic receptors in the vasculature. These
receptors are downregulated in septic shock and, theoreti-
cally, increasing their expression allows the vasculature to
respond to the high levels of circulating cortisol. Hotchkiss et
al.,, “The pathophysiology and treatment of sepsis” New
England Journal of Medicine. 2003; 348(2):138-150.

[0161] Initially, studies were done using high-dose steroids
(e.g., 30 mg/kg methylprednisolone) with the goal of broad
suppression of the body’s overreactive inflammatory
response. Annane et al., “Corticosteroids in the treatment of
severe sepsis and septic shock in adults: a systematic review”
Journal of the American Medical Association. 2009;301(22):
2362-2375; Batzofin et al., The use of steroids in the treat-
ment of severe sepsis and septic shock. Best Practice &
Research. 2011; 25(5):735-743; Cronin et al., “Corticoster-
oid treatment for sepsis: a critical appraisal and meta-analysis
of the literature” Critical Care Medicine. 1995; 23(8):1430-
1439. These studies failed to show benefit and even showed a
trend towards harm including increased mortality due to sec-
ondary infections in those treated with steroids, thus, causing
steroid therapy use to decrease in the early 1990s. The use of
steroids was revived in the mid 1990s with the target of
treating relative adrenal insufficiency with the use of replace-
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ment, low-dose glucocorticoids. The treatment with low-dose
steroids is thought to improve vascular response to endog-
enous and exogenous catecholamines via the upregulation of
adrenergic receptors in the vasculature. While avoiding the
substantial immune system blockade, this lower dose is
thought to maintain some anti-inflammatory effects via pre-
venting release of proinflammatory cytokines and activation
of endothelial cells and neutrophils to decrease sepsis trig-
gered clotting disorders.

[0162] Small studies done in the late 1990s showed trends
toward improvement in hypotension and mortality with the
low-dose steroid treatment strategy. However, these studies
were underpowered to detect clinically significant effects.
More recently, two large randomized, controlled trials have
been published that further evaluated the effectiveness of
steroid therapy. In 2002, a study completed by Annane et al.
evaluated 300 patients with septic shock and showed
improvement of refractory hypotension and a decrease in
absolute mortality in patients with relative adrenal insuffi-
ciency treated with 7 days of hydrocortisone and fludrocor-
tisone. This study also showed that adrenal-sufficient patients
as defined as displaying a response to ACTH gained no ben-
efit and trended towards harm from glucocorticoids. Annane
et al., “Effect of treatment with low doses of hydrocortisone
and fludrocortisone on mortality in patients with septic
shock” Journal of the American Medical Association. 2002;
288(7):862-871.

[0163] Subsequently, the CORTICUS study published in
2008 by Sprung et al. compared the treatment of 499 septic
patients with 11 days of hydrocortisone versus placebo. Con-
trary to the Annane study, the CORTICUS trial failed to show
an improvement in mortality or reversal of shock in treated
patients, regardless of ACTH response. They did, however,
show a faster resolution of shock in those patients who had
shock resolution and were treated with hydrocortisone. Inter-
estingly, they did show an increased incidence of superinfec-
tion in those treated with steroids. Sprung et al., “Hydrocor-
tisone therapy for patients with septic shock™ New England
Journal of Medicine. 2008; 358(2): 111-124. The differences
in the outcomes of these trials may be linked to several key
differences between them. The populations studied included
different timing of patient enrollment. The Annane study took
patients up to 8 hours after onset of shock while the CORTI-
CUS study extended their enrollment up to 72 hours after the
onset of shock. Furthermore, the CORTICUS trial included
all patients in shock while the Annane study restricted their
study to only those who were both fluid and vasopressor
refractory. Similarly, the patients in the Annane study were
significantly more ill at baseline with a higher SAPS score
and a higher mortality rate in the placebo groups than the
CORTICUS trial (65% Annane trial versus 32% CORTICUS
trial). It could be postulated that their conflicting results are a
product of their differing patient populations as the Annane
study evaluated a group of patients with a higher degree of
illness and more refractory shock.

[0164] Furthermore, the Annane and CORTICUS trials dif-
fered regarding the utility of the ACTH stimulation test. The
Annane study showed that ACTH nonresponders were more
likely to benefit from steroid therapy while the CORTICUS
trial failed to replicate this finding. Given the challenges of
measuring cortisol levels and the finding that the Annane trial
showed an overall trend toward benefit of steroid therapy,
regardless of ACTH responsiveness, the 2008 Surviving Sep-
sis Guidelines recommended that the ACTH stimulation test
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not to be used as a tool to guide the use of steroid therapy.
Known side effects of steroids including hyperglycemia, gas-
trointestinal bleeding, myopathy, and secondary infection
have tempered the enthusiasm for steroid use. The CORTI-
CUS trial, showing no efficacy of steroids reinforced these
reservations when it also demonstrated an increase in epi-
sodes of superinfection with new sepsis and septic shock in
those treated with steroids.

[0165] Currently, the adult literature has not developed a
standard of care in regards to steroid therapy. The Surviving
Sepsis Guidelines recommend the use of steroids only in fluid
and vasopressor refractory shock and do not recommend the
use of the ACTH stimulation test based on low-grade and
moderate-grade evidence, respectively. Furthermore, they
advise tapering the steroids when the state of shock resolves.
Less data exists in regards to the pediatric population and the
Surviving Sepsis Guidelines base recommendations on a ret-
rospective review. done by Markovitz et al., “A retrospective
cohort study of prognostic factors associated with outcome in
pediatric severe sepsis: what is the role of steroids?”” Pediatric
Critical Care Medicine. 2005; 6(3):270-274. Consequently, it
is possible that corticosteroid use in children with severe
sepsis represents an independent predictor of mortality. How-
ever, the nature of the study design does not allow for causal
inference and the Surviving Sepsis Guidelines cite a weak
recommendation based on low-grade evidence for the use of
hydrocortisone only in children with catecholamine resistant
shock and suspected or proven adrenal insufficiency. Ideally,
what is needed is a better means of determining the popula-
tion of septic patients which have the best chance to benefit
from steroid treatment while having the least risk of harm due
to the side effects of the therapy.

[0166]

[0167] Knowledge of the inflammatory cascade and, more
specifically, proinflammatory cytokines has allowed specific
targets for immunosuppression including TNF-c and IL-1.
TNF-c injection into animals has been shown to trigger a
sepsis-like syndrome including hypotension, activation of the
clotting cascade, significant organ dysfunction, and even
death. Furthermore, increasing and persistently elevated lev-
els of TNF-a are associated with nonsurvival in humans. Qiu
et al., “The evolving experience with therapeutic TNF inhi-
bition in sepsis: considering the potential influence of risk of
death” Expert Opinion on Investigational Drugs. 2011;
20(11): 1555-1564; and Reinhart et al., “Anti-tumor necrosis
factor therapy in sepsis: update on clinical trials and lessons
learned” Critical Care Medicine. 2001; 29(supplement
7):S121-S125.

[0168] Downstream effects of TNF-a include augmenta-
tion of the inflammatory cascade via elevation of multiple
cytokine levels and upregulation of adhesion molecules on
leukocytes, platelets, and endothelial cells. TNF-a also
stimulates the coagulation system via activation of throm-
botic and fibrinolytic pathways. Despite the deleterious
effects of this overstimulation, it is evident that TNF-a plays
a crucial role in the immune system because blockage of its
activity in animal models has led to a worsened ability of the
animal’s immune system to clear microbes. Due to its pivotal
position in the inflammatory and coagulation systems that are
known to cause the demise in sepsis, TNF-a has been targeted
as a treatment of sepsis in many clinical trials. Although no
trial has succeeded in showing an overall improvement using

D. Proinflammatory Cytokine Inhibitor Therapy
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this therapy, several studies have identified populations and/
or characteristics of these patients that may direct future
trials.

[0169] Thefirst large trial, NORASEPT, was done by Abra-
ham et al. in 1995 and included 900 patients with sepsis or
septic shock. The NORASEPT trial evaluated an anti-TNF-a
monoclonal antibody and failed to show an overall mortality
benefit. However, the subset of patients with septic shock
showed a significant improvement in mortality 3 days after
drug infusion. In following the patients further, the 28-day
mortality continued to show a trend towards improvement but
was no longer significant. Abraham et al., “Efficacy and
safety of monoclonal antibody to human tumor necrosis fac-
tor o in patients with sepsis syndrome: a randomized, con-
trolled, double-blind, multicenter clinical trial” Journal of the
American Medical Association. 1995; 273(12):934-941. The
INTERSEPT study, published in 1996, focused on evaluation
of 420 patients with septic shock. This study showed more
rapid reversal of shock and fewer patients with at least one
organ failure in survivors who were treated with the anti-
TNF-c. monoclonal antibody as compared with the placebo
group. However, this trial failed to show a difference in mor-
tality. Cohen et al., “INTERSEPT: an international, multi-
center, placebo-controlled trial of monoclonal antibody to
human tumor necrosis factor-a. in patients with sepsis” Criti-
cal Care Medicine. 1996; 24(9):1431-1440. This drug was
tested in a third trial, NORASEPT II, which also failed to
show an improvement in mortality. Abraham et al., “Double-
blind randomised controlled trial of monoclonal antibody to
human tumour necrosis factor in treatment of septic shock™
The Lancet. 1998; 351(9107):929-933.

[0170] A trial of an anti-TNF-a antibody fragment, afeli-
momab, was done by Reinhart et al. and published in 1996
that suggested a benefit of treatment in patients with baseline
elevation of IL-6. Reinhart et al., “Assessment of the safety
and efficacy of the monoclonal anti-tumor necrosis factor
antibody-fragment, MAK 195 F, in patients with sepsis and
septic shock: a multicenter, randomized, placebo-controlled,
dose-ranging study” Critical Care Medicine. 1996; 24(5):
733-742. Physiologically, this association is plausible as IL.-6
levels are considered to be a surrogate for overall TNF-a
activity due to the longer half-life of IL.-6 compared to the
rapidly cleared TNF-a.. This hypothesis was tested in a pro-
spective, randomized placebo-controlled trial, the RAMSES
study of 446 patients with elevated IL-6 levels. It showed a
nonsignificant trend towards improved survival in those
treated with afelimomab. Reinhart et al., “Randomized, pla-
cebo-controlled trial of the anti-tumor necrosis factor anti-
body fragment afelimomab in hyperinflammatory response
during severe sepsis: the RAMSES study” Critical Care
Medicine. 2001; 29(4):765-769. A later study, the
MONARCS trial, tested the same antibody fragment in 998
patients with elevated IL.-6 levels and found a trend towards
improved survival in treated patients as compared to placebo.
The risk-adjusted reduction in mortality was 5.8% and cor-
responded to a relative risk reduction for mortality of 11.9%.
This study also found a greater reduction in IL-6 levels and
multiorgan dysfunction score in those treated with afelimo-
mab. The results are also encouraging because patients with
higher IL.-6 levels had significantly higher mortality rates in
the placebo group than those with lower IL-6 levels. Thus,
this showed that afelimomab had a greater effect in patients at
higher risk of mortality. Panacek et al., “Efficacy and safety of
the monoclonal anti-tumor necrosis factor antibody F(ab')2
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fragment afelimomab in patients with severe sepsis and
elevated interleukin-6 levels” Critical Care Medicine. 2004,
32(11):2173-2182. In a similar investigation, cytofab, a
preparation of polyclonal ovine anti-TNF Fab IgG fragments,
was tested in a phase II placebo-controlled randomized clini-
cal trial in 81 septic patients with shock or two organ dys-
functions. While this study did not show a difference in mor-
tality, the investigators were able to show an increase in
ventilator-free days, ICU-free days, and a decrease in serum
and BAL levels of TNF-a and downstream effects on IL-6 in
patients treated with CytoFab. Rice et al., “Safety and efficacy
of affinity-purified, anti-tumor necrosis factor-a, ovine fab
for injection (CytoFab) in severe sepsis” Critical Care Medi-
cine. 2006; 34(9):2271-2281. The persistent trends toward
improved survival in the above studies are encouraging that
some patients have the ability to benefit from immunothera-
pies. The difficulty lies in determining which patients are
most likely to benefit.

[0171] With a similar mechanism of action, IL-1 is also a
target of immunotherapies. This proinflammatory cytokine
works together with TNF-a to propagate the hyperimmune
response of sepsis. Macrophages and other cells naturally
produce IL-1 receptor antagonist (IL-ra) in response to I1L.-1,
endotoxin, and various other microbial elements. The IL-1ra
reversibly binds and competitively inhibits IL-1 receptors.
Fisher et al.,, “Recombinant human interleukin 1 receptor
antagonist in the treatment of patients with sepsis syndrome:
results from a randomized, double-blind, placebo-controlled
trial” Journal of the American Medical Association. 1994;
271(23):1836-1843. In 1994, Fisher et al. published a study
evaluating the use of IL-1ra in the treatment of 893 patients
with sepsis. This study failed to show an overall increase in
survival in those treated as compared to placebo. However,
retrospective and secondary analyses identified a trend of
increased survival among patients with sepsis as well as an
organ dysfunction and/or a predicted risk of mortality =24%.
Subsequently, Opal et al. published atrial in 1997 focusing on
IL-1ra treatment in patients with severe sepsis and/or septic
shock. Disappointingly, this study was halted when just over
half of the proposed enrollment was completed and analysis
revealed a low likelihood of showing a statistical difference in
their primary endpoint, 28-day mortality. Secondary end-
points showed that those patients treated with IL-1ra dis-
played a nonsignificant trend towards improvement of organ
dysfunction. The authors postulate that they may have had
greater success if they were able to identify a more homog-
enous population. They were also concerned that their treat-
ment was unable to maintain the necessary 100-10,000 fold
excess of IL-1rarelative to IL-1 as it is known that stimulation
of'as few as 5% of the IL.-1 receptors triggers an inflammatory
response. Opal et al., “Confirmatory interleukin-1 receptor
antagonist trial in severe sepsis: a phase III, randomized,
double-blind, placebo-controlled, multicenter trial” Critical
Care Medicine. 1997; 25(7): 1115-1124. Perhaps further
evaluation of this drug with the monitoring of levels to ensure
complete blockage of the receptors or use of the drug in a
more targeted population would provide a better chance for
success.

[0172] E. Statin Therapy

[0173] Itisbelieved that there are many ways which statins
have the ability to affect the immune response in sepsis,
however, the exact mechanism of their action is unknown.
Statins can inhibit the reduction of hydroxymethyl-glutaryl-
CoA to mevalonate which plays a role in synthesis of bile
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acids, some steroid hormones, and vitamin D. Statins may
inhibit various other pathways involved in pathophysiology
of sepsis including inhibition of the production of cyclo-
oxygenase-2 protein, biosynthesis of ubiquinone which func-
tions in the electron transport chain of mitochondria, heme-A
used in oxygen transport, and prenylation of small G proteins.
Itis likely that the alteration of the G-protein pathways has the
most influential effect as this significantly alters inflamma-
tory cell activation and protein production: Among other pro-
teins, it is known to inhibit the production of subunits neces-
sary for the GTP binding protein Rho. This inhibition has the
downstream effect of production of a decreased amount of
inflammatory cytokines such as IL.-6 and IL.-1. Furthermore,
hMGCoA-reductase also induces caspase-dependent apopto-
sis in smooth muscle cells that may result in less inflammation
due to avoidance of necrotic cell death. Bernard G R., “Statins
for acutely hospitalized patients: randomized controlled trials
are long overdue” Critical Care. 2010; 14(2):p. 141.

[0174] Data from prospective, randomized-controlled tri-
als evaluating the use of statin therapy in sepsis is lacking.
However, multiple observational studies show encouraging
effects. A large cohort study of more than 12,000 critically ill
patients was published by Christensen et al. in 2010. Results
showed that patients on statin therapy immediately prior to
ICU admission had a decreased risk of mortality within 30
days and up to 1 year after ICU admission. Given the design
of'this study, the authors are unable to infer causation but the
results stimulate excitement for further evaluation of the
effects of statin use. Christensen et al., “Preadmission statin
use and one-year mortality among patients in intensive
care—a cohort study” Critical Care. 2010; 14(2):p. R29 A
large meta-analysis done by Bjorkhem-Bergman et al, pub-
lished in 2010, evaluated the potential use of statin therapy in
bacterial infection. It showed that patients on statin therapy
seemed to have better outcomes including decreased mortal-
ity. However, when the 15 observational studies were
adjusted for publication bias the association failed to reach
statistical significance. Bjorkhem-Bergman et al., “Statin
treatment and mortality in bacterial infections—a systematic
review and meta-analysis” PloS ore. 2010; 5(5):p. €10702.
During that same year, Janda et al. focused the evaluation
further when they published a meta-analysis evaluating statin
therapy in severe infections and sepsis. This study included
20 trials, mostly cohort studies and one randomized-con-
trolled trial that demonstrated a protective effect associated
with statin use. The positive outcomes evaluated included
30-day mortality, in-hospital mortality, pneumonia-related
mortality, bacteremia-related mortality, sepsis-related mor-
tality, and mixed infection related morality. Again, this study
was limited due to the inclusion of mostly cohort studies and
significant heterogeneity of trials. Janda et al., “The effect of
statins on mortality from severe infections and sepsis: a sys-
tematic review and meta-analysis™ Journal of Critical Care.
2010; 25(4):656-e7. The one randomized controlled trial in
this data set was completed by Tseng et al. and included 80
patients with aneurysmal subarachnoid hemorrhages. While
this study did show an improvement in sepsis-associated mor-
tality, it cautioned that this finding was a secondary outcome.
Tseng et al., “Effects of acute pravastatin treatment on inten-
sity of rescue therapy, length of inpatient stay, and 6-month
outcome in patients after aneurysmal subarachnoid hemor-
rhage” Stroke. 2007; 38(5):1545-1550. Due to the promising
effects of statins, both based on physiologic knowledge and
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on the current observational data, phase Il and phase III
studies are currently in progress to evaluate the role of statins
in the treatment of sepsis.

[0175] F. Coagulation Cascade Inhibitor Therapy

[0176] The extreme activation of the inflammatory system
in severe sepsis is accompanied by a potentially equal stimu-
lation of the coagulation system. From an adaptive perspec-
tive, this interaction is logical as the activation of the coagu-
lation system can be envisioned as an effort to isolate the
infection with the goal of limiting its spread throughout the
body.

[0177] Various steps of the coagulation pathway have been
targeted in the treatment of sepsis. Tissue factor (TF), a cell
surface receptor whose expression by endothelial cells and
monocytes occurs in the presence of inflammatory mediators,
acts to initiate the extrinsic coagulation pathway. A TF inhibi-
tor was tested in the Phase I1I trial, OPTIMIST, evaluating its
use in 1,754 patients with severe sepsis and this trial failed to
show an improvement in mortality. More concerning, it
showed a trend towards harm in those treated concurrently
withheparin. Abraham et al., “Efficacy and safety of tifacogin
(recombinant tissue factor pathway inhibitor) in severe sep-
sis: a randomized controlled trial” Journal of the American
Medical Association. 2003; 290(2):238-247. Similarly, anti-
thrombin III (AT III), an anticoagulant, was the subject of
sepsis therapy as well due to the finding of decreased AT 11
levels in severe sepsis and the hypothesis that this deficiency
contributes to the hypercoagulation pathophysiology in sep-
sis. Multiple small studies published in the 1990s showed
promising results. However, in a phase II1 trial 0f 2,314 septic
patients, they were unable to show a difference in overall
mortality. However, in subgroup analysis, patients not treated
concomitantly with heparin showed a significant decrease in
mortality at 90 days while those treated with heparin showed
a significantly increased risk of bleeding. Warren et al., “Car-
ing for the critically ill patient. High-dose antithrombin I1I in
severe sepsis: a randomized controlled trial” Journal of the
American Medical Association. 2001; 286(15):1869-1878.
Future investigation of AT III as a treatment for sepsis will
need to carefully select their target population to ensure mini-
mal risks for bleeding.

[0178] To date, the only drug that has been approved for the
treatment of severe sepsis is recombinant human activated
protein C (rhaPC). It was investigated due to its anti-apop-
totic, anti-inflammatory, and anticoagulant effects. It acts via
inhibition of factors Va and VIIla which results in the preven-
tion of thrombin generation. Downstream, this decreases
inflammation by reducing mast cell degranulation, platelet
activation, and neutrophil recruitment. Bernard et al., “Effi-
cacy and safety of recombinant human activated protein C for
severe sepsis” New England Journal of Medicine. 2001; 344
(10):699-709. The PROWESS trial, published in 2001
spurred great excitement due to its absolute reduction in
28-day mortality by 6.1% in septic patients treated with
rhaPC and it was subsequently approved for use in the most
severely ill septic patients with APACHE scores greater than
25 as this subgroup seemed to derive the most benefit from
treatment. Unfortunately, these results were not replicated in
the PROWESS-SHOCK study and the treatment was volun-
tarily removed from the market by the manufacturer Ranieri
et al., “Drotrecogin alfa (activated) in adults with septic
shock™ New England Journal of Medicine. 2012; 366(22):
2055-2064. The use of rhaPC is not recommended for use in
children based on a study published in 2007 that evaluated
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477 septic children and failed to show an improvement in
mortality. Nadel et al., “Drotrecogin alfa (activated) in chil-
dren with severe sepsis: a multicentre phase III randomised
controlled trial” The Lancet. 2007; 369(9564):836-843

[0179] Thrombomodulin (TM), another naturally occur-
ring pathway in the coagulation system, is currently being
targeted in the treatment of sepsis. TM, produced by endot-
helial cells, acts upstream in the activated protein C pathway
to sensitize the thrombin receptor leading to activation of
protein C. Yamakawa et al. “Treatment effects of recombinant
human soluble thrombomodulin in patients with severe sep-
sis: a historical control study” Critical Care. 2011; 15(3):p.
R123. It has been shown that the serum concentration of TM
parallels the severity of coagulopathy and organ failure in
sepsis and decreases as DIC and ARDS improves. Lin et al.,
“Serum thrombomeodulin level relates to the clinical course of
disseminated intravascular coagulation, multiorgan dysfunc-
tion syndrome, and mortality in patients with sepsis™ Critical
Care Medicine. 2008; 36(3):683-689. A control study of 20
patients with severe sepsis-induced DIC treated with rhTM
compared to 45 historical controls showed improved 28-day
mortality and improved organ dysfunction in those treated
with thTM. Ongoing phase 11 studies are in progress to
evaluate the efficacy of thTM.

[0180]

[0181] Duetothe recognition that sepsis is characterized by
a combination of hyperimmune response and relative immu-
noparalysis, further investigations have pursued immuno-
stimulatory strategies. A controversial and widely studied
therapy is treatment with the use of pooled serum polyclonal
immunoglobulin preparations, IVIG. Although the exact
mechanism remains in question, it is thought that the immu-
noglobulins coat bacteria, which improves phagocytosis and
enhances neutralization and opsonization causing inactiva-
tion of bacterial endotoxins and exotoxins. Furthermore, it is
hypothesized that the treatment alters the release of cytokines
and cytokine antagonists by endotoxin and interacts with the
complement cascade causing an improved immune response
in sepsis. Further supporting this strategy is a recent study
which evaluated 62 adult septic patients and revealed
decreased levels of immunoglobulins particularly IgG and
IgM early in sepsis as compared to age-matched controls.
This was followed by normalization of levels after 7 days in
the majority of patients. Decreased level of immunoglobulins
was associated with decreased levels of plasma proteins but
was not associated with a difference in mortality. Venet et al.,
“Assessment of plasmatic immunoglobulin G, A and M levels
in septic shock patients” International Immunopharmacol-
ogy.2011; 11(12):2086-2090. In 2007 and 2008, three meta-
analyses were published that evaluated the efficacy of poly-
clonal IVIG in adult patients with sepsis. All three concluded
that this therapy improved survival but, due to small study
sizes, heterogeneity, and methodologic limitations of the
individual studies, the three authors recommended large ran-
domized, controlled trials to verify therapeutic efficacy.
Kreymann et al., “Use of polyclonal immunoglobulins as
adjunctive therapy for sepsis or septic shock™ Critical Care
Medicine. 2007; 35(12):2677-2685: Laupland et al., “Poly-
clonal intravenous immunoglobulin for the treatment of
severe sepsis and septic shock in critically ill adults: a sys-
tematic review and meta-analysis” Critical Care Medicine.
2007;35(12):2686-2692; and Turgeon et al., “Meta-analysis:
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intravenous immunoglobulin in critically ill adult patients
with sepsis” Arnals of Internal Medicine. 2007; 146(3):193-
203.

[0182] A subsequent Cochrane review published in 2010
evaluated 17 trials of polyclonal IVIG in adult patients with
sepsis. This review was in agreement with the prior meta-
analyses and showed a reduction in less than 30-day mortality
in treated patients. However, the authors recommended cau-
tious interpretation of their findings as the majority of studies
had a small sample size and there was concern for poor
methodologic quality. Furthermore, when the trials were
restricted to those with low risk of bias, no reduction in
mortality was shown and the studies that evaluated long-term
mortality (greater than 60 days) did not show an effect. The
Cochrane review went on to specify their agreement with the
Kreymann et al. meta-analysis findings that the [gM-enriched
formulation of immunoglobulin is also beneficial and even
trended toward a greater effectiveness in the treatment of
sepsis. It was concluded that polyclonal immunoglobulins
appear to be beneficial as adjuvant therapy for sepsis.

[0183] The pediatric population stands to reap greater ben-
efit from IVIG due to the immaturity of B-cells in patients less
than 5 years old. In 2005, a prospective case-controlled trial
01100 pediatric patients showed a significant improvement in
length of stay, development of complications, and mortality
in septic pediatric patients 1 month-24 months old treated
with IVIG. El-Nawawy et al., “Intravenous polyclonal immu-
noglobulin administration to sepsis syndrome patients: a pro-
spective study in a pediatric intensive care unit” Journal of
Tropical Pediatrics. 2005; 51(5):271-278. Based on the find-
ings of this study, the Surviving Sepsis Guidelines recom-
mend consideration of IVIG treatment of pediatric patients
with severe sepsis. However, this recommendation is sup-
ported only by weak evidence due to low trial quality. IVIG in
the neonatal population is equally as controversial as the
Cochrane review found no reduction in mortality in septic
neonates treated with IVIG while the Surviving Sepsis Guide-
lines cite that there is evidence to support improved mortality
in neonates treated with IVIG. A study published by Brock-
lehurst et al. in 2011, after the publication of the Surviving
Sepsis Guidelines and Alejandria’s Cochrane review, evalu-
ated over 3,000 neonates with sepsis and found no difference
in the primary outcomes of mortality or major disability up to
two years of age. Brocklehurst et al., “Treatment of neonatal
sepsis with intravenous immune globulin® New England
Journal of Medicine. 2011; 365(13):1201-1211.

[0184] Other immunostimulatory strategies include cytok-
ine stimulation with granulocyte-colony stimulating factor
(G-CSF), granulocyte-macrophage colony stimulating factor
(GM-CSF), and IFN-gamma. The hypothesized mechanism
of'these therapies in nonneutropenic patients is stimulation of
bactericidal activity via increased leukocytosis and increased
activity of granulocytes. Bo et al. published a meta-analysis
of 21 randomized-controlled trials evaluating G-CSF and
GM-CSF in the treatment of sepsis. This evaluation of a
combined 2,380 septic patients showed no change in mortal-
ity but did show a positive effect of this therapy on the rate of
reversal of infection. They found no difference in adverse
events between the groups and recommended further studies
to evaluate the efficacy of this therapy. Bo et al., “Granulo-
cyte-colony stimulating factor (G-CSF) and granulocyte-
macrophage colony stimulating factor (GM-CSF) for sepsis:
a meta-analysis” Critical Care. 2011; 15(1):p. R58.
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[0185] G-CSF and GM-CSF may differ in that GM-CSF
has additional monocytic and macrocytic stimulatory affects,
inducing monocytic cytokine expression and antigen presen-
tation via increased expression mHIL.A-DR theoretically
resulting in improved adaptive immunity. In the meta-analy-
sis by Bo et al., the data evaluating these two therapies were
combined despite their differing mechanisms of action. Fur-
thermore, the studies differed significantly on dose as well as
on the route of administration and failed to stratify the
patients based on their immunologic state. Given the
immune-stimulatory mechanism of this therapy, it would be
important to know if the patients being studied are in the
hyper or hypoimmune phase of sepsis as this may affect the
drug’s efficacy. Furthermore, new data has shown that it is
possible to track the efficacy of immunostimulatory therapies
by measurement of mHLA-DR expression on monocytes
which is decreased in patients with sepsis-associated immune
cell dysfunction. Meisel et al. recently showed that patients
with sepsis-associated immunosuppression, defined as low
monocytic HLA-DR expression, who were treated with GM-
CSF had improvement of monocytic HLA-DR expression
when compared to placebo patients. Although this trial
included only 38 patients, they were able to show shorter
duration of mechanical ventilation as well as shorter ICU and
hospital lengths of stay. Schefold J C., “Immunostimulation
using granulocyte- and granulocyte-macrophage colony
stimulating factor in patients with severe sepsis and septic
shock™ Critical Care. 2011; 15(2):p. 136; Meisel et al.,
“Granulocyte-macrophage colony-stimulating factor to
reverse sepsis-associated immunosuppression: a double-
blind, randomized, placebo-controlled multicenter trial”
American Journal of Respiratory and Critical Care Medi-
cine. 2009; 180(7):640-648.

[0186] IFN-gamma has shown similar ability to restore
monocytic HLA-DR expression in septic patients with evi-
dence of monocyte deactivation. A small study done by
Docke et al. showed that IFN-gamma treatment in septic
patients with low monocytic HLA-DR expression resulted in
restoration of monocyte function as measured by improved
TNF-a secretion resulting in clearance of sepsis in 8 of 9
patients. Docke et al., “Monocyte deactivation in septic
patients: restoration by IFN-gamma treatment” Nature Medi-
cine. 1997, 3(6):678-681.

[0187] The results of these studies are encouraging that
immunostimulation may be an effective way to treat the sub-
set of septic patients who are in the immunoparalysis phase of
their disease.

V. Sepsis Proteomic Expression Profiles: Age-Related
Treatment

[0188] In one embodiment, the present invention contem-
plates a method for developing efficient therapeutic strategies
for patients with sepsis to slow inflammatory response and
reduce mortality rates. As detailed above, antimicrobial treat-
ments and early goal-directed therapy are used in the man-
agement of sepsis. Carvalho et al., Journal of Pediatrics
79:8195 (2003); and Hotchkiss et al., New England Journal
of Medicine 348:138 (2003). However, these strategies in
clinical practice are limited. For example, the choice of a
specific antimicrobial treatment can be influenced by the
infection site and molecules released from microorganisms
may exacerbate inflammatory response. Other therapies,
including but not limited to, glucocorticoids, recombinant
human-activated protein C, steroids, intravenous Ig, continu-
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ous renal replacement therapy, proinflammatory cytokine
inhibitors, antioxidant supplementation have failed to pro-
vide an effective treatment for sepsis. Overall, more than forty
(40) clinical trials of therapies targeted at septic patients have
failed to lead to a current FDA-approved drug for the univer-
sal treatment of sepsis. Annane et al., British Medical Journal
329:480 (2004); Casserly et al., Critical Care Medicine
40:1417 (2012); Patel et al., American Journal of Respiratory
and Critical Care Medicine 185:133 (2012); Turgeon et al.,
Annals of Internal Medicine 146:193 (2007); Joannidis, M.,
Seminars in Dialysis 22:160 (2009); Berger et al., Critical
Care Medicine 35:5S584 (2007): Ward et al., Critical Care
Research and Practice 2012:8 (2012); Hotchkiss et al., The
Lancet Infectious Diseases 13:260 (2013); Wu et al., Shock
21:210 (2004).

[0189] The lack of current universal treatment for sepsis
can be understood due to the many challenges associated with
this condition. Diagnosis of sepsis is complicated by its dif-
ferential presentation between patients (i.e., degree and
nature of clinical symptoms can vary tremendously). In addi-
tion to patient heterogeneity, there is also temporal heteroge-
neity within individual patients. An et al., Critical Reviews in
Biomedical Engineering 40:341 (2012). The timing of the
diagnosis plays a role regarding the initiation of therapy,
however, this is difficult because cell culture determination
assays can take as long as 48 h and some patients have
symptoms for a day prior to hospital admission. Rivers et al.,
Shock39:127 (2013). Furthermore, in more than halfof sepsis
cases, clinical symptoms may persist without a positive cul-
ture. Carrigan et al., Clinical Chemistry 50:1301 (2004).

[0190] Monitoring of specific biomarkers (e.g., tumor
necrosis factor (TNF)-a interleukin (IL)-1, IL-6, IL.-8, and
IL-10, procalcitonin, C-reactive protein, and others) have
yielded conflicting results with regards to sensitivity, speci-
ficity, and effectiveness in both adults and neonates. Rivers et
al., Shock 39:127 (2013). Furthermore, in more than half of
sepsis cases, clinical symptoms may persist without a positive
culture. Carrigan et al., Clinical Chemistry 50:1301 (2004).
Because many of these molecules also play a role in immune
response and inflammation, a single readout of any specific
biomarker can be misleading. Biomarker readouts are heavily
time-dependent as at least one acute proinflammatory
response occurs within the first 24 h after infection. Rivers et
al., Shock 39:127 (2013). Although it is not necessary to
understand the mechanism of an invention, it is believed that
these challenges to developing new therapeutics and treat-
ment strategies regarding sepsis diagnosis, prognosis, and
real-time response to treatment of sepsis can be best facili-
tated by understanding the molecular mechanisms of this
condition.

[0191] Although it is not necessary to understand the
mechanism of an invention, it is believed that the sepsis
proteomic expression profiled disclosed herein imply that age
is an important factor affecting a patient response to sepsis.
For example, hyper- and hypo-inflammatory response is
found in the younger and older severe sepsis patients, respec-
tively. These findings suggest that doctors need to be cautious
when interpreting clinical data from sepsis patients at differ-
ent ages. For example, high plasma concentrations of CRP
may lead to the development of severe sepsis in younger CAP
patients but low CRP concentrations may indicate poor out-
come in older CAP patients. These observations also suggest
that different treatments need to be performed based on the
ages of sepsis patients.
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[0192] This differential strategy to treat sepsis may be
related to a phenomenon termed immunosensence. Immun-
osenescence usually refers to a gradual deterioration of the
immune system during aging. It is widely accepted that
immunosenescence is characterized by diminished immune
response, low-grade inflammation, and increased propensity
for autoimmunity. These changes in the immune system
increase the risk and mortality of diseases among the elderly.
Poor response to immunotherapies as a result of immunose-
nescence can further worsen this situation. In particular, vac-
cination is an important intervention for disease control and
has been used effectively in children and younger adults.
Goronzy et al., Nature Immunology 14:428 (2013). A funda-
mental understanding of immunosenescence would be help-
ful for the prevention and treatment of aging-related diseases.
For example, genomics, transcriptomics, proteomics, and
metabolomics can give insight to molecular mechanisms of
immunosenescence and its contribution to developing proper
and effective treatments for age-related diseases (e.g., for
example, severe sepsis).

[0193] The data presented herein show that there are spe-
cific protein pathways that are differentially expressed
between younger and older patients with sepsis. Conse-
quently, this may explain the above described failure of those
in the art to identify conclusive sepsis biomarkers. For
example, tests of sepsis or to predict sepsis severity have been
limited. In one report, an AUC of about 0.73 for prediction of
mortality using a 6-marker panel. Wong et al., “A Multibiom-
arker-Based Outcome Risk Stratification Model for Adult
Septic Shock” Critical Care Medicine 42(4):781-789 (2014).
Procalcitonin is approved for risk assessment in sepsis but its
performance isn’t much better. Although it is not necessary to
understand the mechanism of an invention, it is believed that
sepsis may have different biomarker patterns between older
as compared to younger adults leading to different biomarker
patterns.

[0194] In one embodiment, the present invention contem-
plates that the differentially expressed protein pathways
between older and younger sepsis patients represent age-
specific drug targets. Although it is not necessary to under-
stand the mechanism of an invention, it is believed that giving
young and old the same therapies could harm one or the other.
[0195] In one embodiment, the present invention contem-
plates specific drug targets for the treatment of an older sepsis
patient. In one embodiment, the drug target comprises a
hepatic stellate cell activation pathway. In one embodiment
the drug target comprises an actin cytoskeleton signaling
pathway. In one embodiment, the method further comprises a
combination treatment of the specific drug targent with a
conventional sepsis treatment. In one embodiment, the con-
ventional treatment includes, but is not limited to, antibiotics,
inflammatory mediator inhibitors, steroids, proinflammatory
cytokine inhibitors, statins, coagulation cascade inhibitors
and/or immunostimulators.

[0196] In one embodiment, the present invention contem-
plates specific drug targets for the treatment of a younger
sepsis patient. In one embodiment, the drug target comprises
a blood factor coagulation pathway. In one embodiment, the
drug target comprises an extrinsic prothrombin activation
pathway. In one embodiment, the drug target comprises an
intrinsic prothrombin activation pathway. In one embodi-
ment, the method further comprises a combination treatment
of the specific drug targent with a conventional sepsis treat-
ment. In one embodiment, the conventional treatment
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includes, but is not limited to, antibiotics, inflammatory
mediator inhibitors, steroids, proinflammatory cytokine
inhibitors, statins, coagulation cascade inhibitors and/or
immunostimulators.

V1. Pharmaceutical Compositions/Formulations

[0197] The present invention further provides pharmaceu-
tical compositions (e.g., comprising the compounds
described above). The pharmaceutical compositions of the
present invention may be administered in a number of ways
depending upon whether local or systemic treatment is
desired and upon the area to be treated. Administration may
be topical (including ophthalmic and to mucous membranes
including vaginal and rectal delivery), pulmonary (e.g., by
inhalation or insufflation of powders or aerosols, including by
nebulizer; intratacheal, intranasal, epidermal and transder-
mal), oral or parenteral. Parenteral administration includes
intravenous, intraarterial, subcutaneous, intraperitoneal or
intramuscular injection or infusion; or intracranial, e.g.,
intrathecal or intraventricular, administration.

[0198] Pharmaceutical compositions and formulations for
topical administration may include transdermal patches, oint-
ments, lotions, creams, gels, drops, suppositories, sprays,
liquids and powders. Conventional pharmaceutical carriers,
aqueous, powder or oily bases, thickeners and the like may be
necessary or desirable.

[0199] Compositions and formulations for oral administra-
tion include powders or granules, suspensions or solutions in
water or non-aqueous media, capsules, sachets or tablets.
Thickeners, flavoring agents, diluents, emulsifiers, dispersing
aids or binders may be desirable.

[0200] Compositions and formulations for parenteral,
intrathecal or intraventricular administration may include
sterile aqueous solutions that may also contain buffers, dilu-
ents and other suitable additives such as, but not limited to,
penetration enhancers, carrier compounds and other pharma-
ceutically acceptable carriers or excipients.

[0201] Pharmaceutical compositions of the present inven-
tion include, but are not limited to, solutions, emulsions, and
liposome-containing formulations. These compositions may
be generated from a variety of components that include, but
are not limited to, preformed liquids, self-emulsifying solids
and self-emulsifying semisolids.

[0202] The pharmaceutical formulations of the present
invention, which may conveniently be presented in unit dos-
age form, may be prepared according to conventional tech-
niques well known in the pharmaceutical industry. Such tech-
niques include the step of bringing into association the active
ingredients with the pharmaceutical carrier(s) or excipient(s).
In general the formulations are prepared by uniformly and
intimately bringing into association the active ingredients
with liquid carriers or finely divided solid carriers or both, and
then, if necessary, shaping the product.

[0203] The compositions of the present invention may be
formulated into any of many possible dosage forms such as,
but not limited to, tablets, capsules, liquid syrups, soft gels,
suppositories, and enemas. The compositions of the present
invention may also be formulated as suspensions in aqueous,
non-aqueous or mixed media. Aqueous suspensions may fur-
ther contain substances that increase the viscosity of the sus-
pension including, for example, sodium carboxymethylcel-
Iulose, sorbitol and/or dextran. The suspension may also
contain stabilizers.
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[0204] In one embodiment of the present invention the
pharmaceutical compositions may be formulated and used as
foams. Pharmaceutical foams include formulations such as,
but not limited to, emulsions, microemulsions, creams, jellies
and liposomes. While basically similar in nature these formu-
lations vary in the components and the consistency of the final
product. Agents that enhance uptake of oligonucleotides at
the cellular level may also be added to the pharmaceutical and
other compositions of the present invention. For example,
cationic lipids, such as lipofectin (U.S. Pat. No. 5,705,188),
cationic glycerol derivatives, and polycationic molecules,
such as polylysine (WO 97/30731), also enhance the cellular
uptake of oligonucleotides.

[0205] The compositions of the present invention may
additionally contain other adjunct components convention-
ally found in pharmaceutical compositions. Thus, for
example, the compositions may contain additional, compat-
ible, pharmaceutically-active materials such as, for example,
antipruritics, astringents, local anesthetics or anti-inflamma-
tory agents, or may contain additional materials useful in
physically formulating various dosage forms of the compo-
sitions of the present invention, such as dyes, flavoring agents,
preservatives, antioxidants, opacifiers, thickening agents and
stabilizers. However, such materials, when added, should not
unduly interfere with the biological activities of the compo-
nents of the compositions of the present invention. The for-
mulations can be sterilized and, if desired, mixed with auxil-
iary agents, e.g., lubricants, preservatives, stabilizers, wetting
agents, emulsifiers, salts for influencing osmotic pressure,
buffers, colorings, flavorings and/or aromatic substances and
the like which do not deleteriously interact with the nucleic
acid(s) of the formulation.

[0206] Dosing is dependent on severity and responsiveness
of the disease state to be treated, with the course of treatment
lasting from several days to several months, or until a cure is
effected or a diminution of the disease state is achieved.
Optimal dosing schedules can be calculated from measure-
ments of drug accumulation in the body of the patient. The
administering physician can easily determine optimum dos-
ages, dosing methodologies and repetition rates. Optimum
dosages may vary depending on the relative potency of indi-
vidual oligonucleotides, and can generally be estimated
based on EC50s found to be effective in in vitro and in vivo
animal models or based on the examples described herein. In
general, dosage is from 0.01 pg to 100 g per kg of body
weight, and may be given once or more daily, weekly,
monthly or yearly. The treating physician can estimate rep-
etition rates for dosing based on measured residence times
and concentrations of the drug in bodily fluids or tissues.
Following successful treatment, it may be desirable to have
the subject undergo maintenance therapy to prevent the recur-
rence of the disease state, wherein the compound is adminis-
tered in maintenance doses, ranging from 0.01 pgto 100 g per
kg ofbody weight, once or more daily, to once every 20 years.

EXPERIMENTAL
Example |

Expression Profile Patent Population

[0207] The data presented herein was collected during a
nested case-control study using patients enrolled in the Gen-
IMS study. Kellum et al., “Understanding the Inflammatory
Cytokine Response in Pneumonia and Sepsis: Results of the

Jun. 30, 2016

Genetic and Inflammatory Markers of Sepsis (GenlMS)
Study” Arch Intern Med 167:1655-1663 ((2007).

[0208] A total of39 patients comprised the four experimen-
tal groups:
[0209] 1) patients 50-65 years old who did not develop

severe sepsis (YC);

[0210] 2) patients 70-85 years old who did not develop
severe sepsis (OC);

[0211] 3) patients 50-65 years old who developed severe
sepsis (YS), and

[0212] 4) patients 70-85 years old who developed severe
sepsis (OS).

To ensure that differences in immune response are attributed
to age and not to ethnic differences or underlying chronic
diseases, only whites and matched patients according to
chronic disease burden were included. Approval for the par-
ticipation of human patients was obtained by the Institutional
Review Board of the University of Pittsburgh and other par-
ticipating sites.

Example 11

Blood Sample Collection and Processing

[0213] Plasma samples were obtained from patients at ini-
tial presentation and prior to most interventions to ensure that
differences in immune response are not aftected by therapeu-
tic strategies. Crude human plasma was prepared and ana-
lyzed as described in FIG. 1.

[0214] Multiple Affinity Removal System (MARS) col-
umns were used to deplete high-abundance proteins.
Unbound proteins on the MARS column were subject to
trypsin digestion and modified with an iTRAQ reagent. The
Hu 6 MARS column (Agilent; Santa Clara, Calif.) depletes
serum albumin, IgG, al-antitrypsin, IgA, transferrin, and
haptoglobin proteins. An injection amount of 60 pL of crude
plasma was applied to the MARS column and after the initial
depletion flow-through fractions were concentrated with a SK
molecular weight cutoff concentrator (Agilent) at 4695 g for
1.5 hours.

[0215] Modified peptides were combined, fractionated
with Strong Cation Exchange (SCX), and thirteen fractions
were collected and analyzed by LC-MS/MS on a linear ion
trap-Orbitrap Velos MS. Collision induced dissociation
(CID) and high energy C-trap dissociation (HCD) were used
for gas-phase fragmentation of peptides. Proteome Discov-
erer 1.2 was used to process data files, perform SEQUEST
searches, and extract iTRAQ information. Plasma from CAP
patients was used to optimize the workflow.

[0216] Samples were then stored at —80° C. or re-injected
onto the MARS column for tandem MARS depletion. The
second flow-through fractions (hereafter referred to as TMD)
were concentrated and protein concentrations were measured
using the BCA protein assay.

TABLE 8

Protein amounts recovered from crude plasma in the unbound
fractions from MD! and TMD?

Sample Protein mass, pg % depletion EF¥, -fold*
Crude 4416 / /

MD 52752 88.1 8.4
TMD 343+ 54 92.2 12.8

#enrichment factor,
*relative to crude plasma,
'MARS-Depletion,
?Tandem MARS-Depletion
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Example 111

Protein Digestion

[0217] Protein was denatured with an extraction buffer (0.2
M Tris, 8 M urea, 10 mM CaCl2, pH 8.0), reduced with 1:40
molar excess of dithiothreitol (DTT) for 2 h at 37 [JC, and
then alkylated with 1:80 molar excess of iodoacetamide
(IAM) for 2 h onice. The alkylation reaction was quenched by
adding 1:40 molar excess of Cysteine and the mixture was
incubated at room temperature for 30 min. Tris buffer (0.2 M
Tris, 10 mM CaCl2, pH 8.0) was added to dilute the urea
concentration to 2 M. Each sample was incubated with bovine
TPCK-heated trypsin at 1:50 substrate:enzyme ratio for 24 h
at37°C.

Example IV

iTRAQ Labeling

[0218] Digested samples were desalted with an HLB car-
tridge (Waters; Milford, Mass.) and dried by centrifugal
evaporation. Each sample was labeled with an iTR AQ reagent
following the manufacturer’s protocol (Applied Biosystems;
Foster City, Calif.) with slight modifications. Briefly, each
iTRAQ reagent was solubilized with 70 ulL ethanol and trans-
ferred to peptide mixtures. After 1.5 h of incubation, the
reaction was quenched with water. Labeled samples were
mixed in 1:1:1:1 ratios for iTRAQ reagents that generate
reporter ions at m/z 114:115:116:117, respectively.

Example V

SCX Fractionation

[0219] SCX fractionation was carried out on a PolySulfo-
ethyl A 100 mmx2.1 mm, 5 um, 200 A column (The Nest
Group, Inc.; Southborough, Mass.) with buffers as follows:
mobile phase A was 5 mM monopotassium phosphate (25%
v/v acetonitrile, pH 3.0), and mobile phase B was 5 mM
phosphate, 350 mM potassium chloride, (25% v/v acetoni-
trile, pH 3.0). Dried iTRAQ labeled samples were resus-
pended in 300 pulL of mobile phase A and injected onto the
SCX column. The gradient for SCX was: 0-3 min, 0% B; 3-45
min, 0-75% B; 45-50 min, 75-100% B; 50-55 min, 100%
mobile phase B; 55-56 min, 100-0% B; 56-106 min, 0% B.
Thirteen SCX fractions were collected and each fraction was
desalted with an HLB cartridge (Waters).

Example V 1

LC-MS/MS Analysis

[0220] Online desalting and reversed phase chromatogra-
phy was performed with a Nano-2D-L.C system equipped
with an autosampler (Eksigent; Dublin, Calif.). Mobile phase
A and B for these analyses were 3% (v/v) acetonitrile with
0.1% formic acid and 100% (v/v) acetonitrile with 0.1%
formic acid, respectively. SCX fractions (5 pl.) were loaded
onto a trapping column (100 um i.d.x2 cm), which was
packed in-house with C18 200 A 3 um stationary phase mate-
rial (Michrom Bioresource Inc.; Auburn, Calif.) at 3 pL-
min~" in 3% mobile phase B for 3 min. After desalting, the
sample was loaded onto an analytical column (75 Mm i.d.x
13.2 ¢cm), which was packed in-house with C18 100 A 3 um
stationary phase material (Michrom Bioresource Inc.). The
gradient was as follows: 0-5 min, 10% mobile phase B; 5-75
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min, 10-30% B; 75-95 min, 30-60% B; 95-100 min, 60-90%
B; 100-105 min, 90-10% B; 110-120 min, 10% B. The LC
eluent was analyzed with positive ion nanoflow electrospray
using a LTQ-Orbitrap Velos mass spectrometer (Thermo-
Fisher Scientific, Waltham, Mass.). Data-dependent acquisi-
tion parameters were as follows: the MS survey scan in the
Orbitrap was 60,000 resolution over 300-1800 m/z; the top
six most intense peaks in the MS survey scan were isolated
and fragmented with CID and HCD; CID was performed in
the ion trap with normalized collision energy 35%; HCD was
recorded in the Orbitrap with normalized collision energy
45% and 7,500 resolution; dynamic exclusion was enabled
for 61 seconds and a repeat count of 2 for a duration of 60
seconds was allowed and selected ions were placed on an
exclusion list for 61 seconds. Each SCX fraction was subject
to triplicate LC-MS/MS analysis.

Example VII

Data Analysis

[0221] “.RAW™ files were analyzed with Proteome Discov-
erer 1.2 software (Thermo). Both CID and HCD spectra were
used to obtain sequence information against the Uniprot
human database (Apr. 25, 2010, 20,295 sequences). Sequest
search parameters were as follows: two maximum trypsin
miscleavages; precursor mass tolerance 10 ppm; fragment
mass tolerance 0.8 Da; static modifications were iTRAQ-
4plex/+144.102 Da (N-terminus, Lys), and carbamidomethyl
modification/+57.021 Da (Cys); dynamic modification of
iTRAQ-4plex/+144.102 Da (Tyr). Decoy database searching
was employed to generate medium (p<0.05) and high (p<0.
01) confidence peptide lists. All the peptides with medium
and high confidence were used to identify and quantify pro-
teins. Only proteins with at least two spectral counts in a
technical replicate were considered for further analysis.

Example VIII

Statistics

[0222] Coefficient of variation (CV) values were calculated
for reporter ion ratios (e.g., 115/114, 116/114, and 117/114)
of proteins quantified in at least six iTRAQ experiments. The
mean CV value across the iTRAQ experiments was calcu-
lated and used as the total biological variation, Sb. The tech-
nical variation, St, was calculated for proteins quantified in at
least two LC-MS/MS analyses within an individual iTRAQ
experiment. The relation between the fold change (F), ran-
dom variation (S), biological variation (Sb), and technical
variation St is expressed by the formula:

L+ T1S? 8]
T (F-1p

§2=2 S—Z + i @
- n nm

Horgan, G. W., “Sample size and replication in 2D gel elec-
trophoresis studies” Journal of Proteome Research 6:2884-
2887 ((2007). The quantities Z and T depend on the power of
the test (i.e., 0.8) and the significance level (i.e., 0.05), respec-
tively. n and m, the number of biological and technical repli-
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cates, respectively, were set to 10 and 3 for these studies, such
that formula (1) and (2) approximates to:

§? 3
10=20——
(F-1)7?
. S . s “
10 " 30

Solve formulas (3) and (4),

(35N ®)
bl T N

[0223] Based on this power analysis, the calculated fold-
change cutoff that was applied to these data is ~1.30. Filter
criteria were applied to generate a list of statistically signifi-
cant differentially-expressed proteins as follows: 1) proteins
identified and quantified in at least six experiments, 2) CV
values =0.60, and 3) fold-change cutoff =1.30 or <0.77.

Example IX

Western Blotting Analyses

[0224] The changes in the expression of C-reactive protein
(CRP), apolipoprotein CIII (Apo CIII), and fibrinogen alpha
chain (FAC) were subject to Western blot analysis. Twenty ng
of protein was denatured in an appropriate sample buffer and
electrophoretically separated on a Criterion precast gel (Bio-
rad Laboratories; Hercules, Calif.) at 140 V. Proteins from the
gel were transferred onto a nitrocellulose membrane paper
using a Fast-Transfer Blot System (Biorad). Blots were
washed three times in Wash blot. BSA blocking solution (3%)
was added to the membrane and incubated on a rocker for 2 h.
A 1:5000 dilution of mouse monoclonal anti-CRP primary
antibody (Sigma Aldrich; St. Louis, Mo.), 1:5000 dilution of
rabbit polyclonal anti-Apo CUIII primary antibody (Abcam;
Cambridge, Mass.), or 1:2500 dilution of rabbit monoclonal
anti-FAC primary antibody (Abcam) was added and incu-
bated at 4° C. overnight. The blot was rinsed and incubated
with a 1:7500 dilution of anti-mouse or anti-rabbit IgG alka-
line phosphatase secondary antibody (Sigma Aldrich) for 1 h
on a rocker. The blot was rinsed and colorometrically devel-
oped using 0.51 mM 5-bromo-4-chloro-3'-indolyphosphate
p-toluidine salt (BCIP) and 0.24 mM nitrotetrazolium blue
(NBT). The dried blot was scanned using a Canon scanner,
saved as a “. TIFF” file, and densitometry analyses carried out
with Scion Image Software. Within each experiment, the
intensity for the sample from each group was normalized to
the total blot intensity and used to generate mean and standard
deviation values.

Example X

Ingenuity Pathway Analysis

[0225] Differentially-expressed proteins were analyzed
using Ingenuity Pathway Analysis (IPA, www.ingenuity.
com) to generate a list of pathways that are statistically rel-
evant (p<0.05).
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1. A method, comprising:

a) providing;

1) at least one biological sample derived from an elderly
patient suspected of having an infection;

ii) at least one peptide isolated from said at least one
biological sample, wherein said at least one isolated
peptide comprises at least one isobaric tag for relative
and absolute quantitation (iTRAQ) reporter ion;

iii) a system comprising a liquid chromatography col-
umn and a mass spectrometer; and

iv) a control proteomic pathway expression profile;

b) contacting said at least one iTRAQ-peptide with said
system to create at least one iTRAQ-peptide analysis
spectrum,;

¢) processing said at least one iTRAQ-peptide analysis
spectrum to create a sepsis proteomic pathway expres-
sion profile, wherein said sepsis proteomic pathway
expression profile comprises at least one over-expressed
protein pathway as compared to said control proteomic
pathway expression profile; and

d) diagnosing said patient with severe sepsis upon identi-
fication of said over-expressed protein pathway.

2. The method of claim 1, wherein said over-expressed
protein pathway is a liver retinoid X receptor activation path-
way.

3. The method of claim 2, wherein said liver retinoid X
receptor activation pathway is about ten-fold over-expressed
as compared to said control proteomic pathway expression
profile.

4. The method of claim 1, wherein said over-expressed
protein pathway is an acute phase response signaling path-
way.

5. The method of claim 4, wherein said acute phase
response signaling pathway is about eight-fold over-ex-
pressed as compared to said control proteomic pathway
expression profile.

6. The method of claim 1, wherein said over-expressed
protein pathway is an atherosclerosis signaling pathway.

7. The method of claim 6, wherein said atherosclerosis
signaling pathway is about seven-fold over-expressed as
compared to said control proteomic pathway expression pro-
file.

8. The method of claim 1, wherein said over-expressed
protein pathway is an interleukin-2 signaling pathway.

9. The method of claim 8, wherein said interleukin-2 sig-
naling pathway is about seven-fold over-expressed as com-
pared to said control proteomic pathway expression profile.

10. The method of claim 1, wherein said over-expressed
protein pathway is a nitric oxide/oxygen reactive species
pathway.

11. The method of claim 10, wherein said nitric oxide/
oxygen reactive species pathway is about seven-fold over-
expressed as compared to said control proteomic pathway
expression profile.

12. The method of claim 1, wherein said over-expressed
protein pathway is a clathrin-mediated endocytosis signaling
pathway.

13. The method of claim 12, wherein said clathrin-medi-
ated endocytosis signaling pathway is about seven-fold over-
expressed as compared to said control proteomic pathway
expression profile.

14. The method of claim 1, wherein said over-expressed
protein pathway is an lipopolysaccharide/interleukin-1 retin-
0id X receptor inhibition pathway.

15. The method of claim 14, wherein said lipopolysachar-
ride-interleukin-1 retinoid X receptor inhibition pathway is
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about three-fold over-expressed as compared to said control
proteomic pathway expression profile.

16. The method of claim 1, wherein said over-expressed
protein pathway is a farnesoid X receptor activation pathway.

17. The method of claim 16, wherein said farnesoid X
receptor activation pathway is about two-fold over-expressed
as compared to said control proteomic pathway expression
profile.

18. The method of claim 1, wherein said over-expressed
protein pathway is a hepatic stellate cell activation pathway.

19. The method of claim 18, wherein said hepatic stellate
cell activation pathway is about two-fold over-expressed as
compared to said control proteomic pathway expression pro-
file.

20. The method of claim 1, wherein said over-expressed
protein pathway is an actin cytoskeleton signaling pathway.

21. The method of claim 20, wherein said actin cytoskel-
eton signaling pathway is about two-fold over-expressed as
compared to said control proteomic pathway expression pro-
file.

22-87. (canceled)



