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METHODS FOR TREATING SEPSIS AND
BIOMARKERS RELATED THERETO

REFERENCE TO CROSS RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/058,340 filed on Oct. 1, 2014, the
disclosure of which is incorporated by reference herein in its
entirety.

SEQUENCE LISTING

[0002] This application incorporates by reference in its
entirety the Sequence Listing entitled “25824-375899_Se-
quence Listing_ST25.txt” (7.72 kilobytes), which was cre-
ated on Oct. 1, 2015 and filed electronically herewith.

FIELD

[0003] The present invention generally relates to methods
for treating sepsis and biomarkers useful in the identification
of patients that are progressing to sepsis.

BACKGROUND

[0004] The statements in this section merely provide back-
ground information related to the present disclosure and may
not constitute prior art. Septic shock requires prompt treat-
ment since the patient’s condition often deteriorates rapidly.
Symptoms of septic shock include fever, hypothermia, fall-
ing blood pressure, rapid breathing, rapid heartbeat, skin
lesions and leakage of plasma proteins into the tissues,
metabolic acidosis and elevated plasma lactate. Septic shock
is particularly characterized by maldistribution of blood flow
and disturbances in tissue oxygen in various organs of the
body. Distribution of blood flow may become heterogeneous
with subsequent under- and over perfusion of various tis-
sues. These disturbances have been noted both at the macro-
as well as at the microcirculatory level. Septic shock is the
leading cause of morbidity and mortality in the intensive
care units. Despite increased knowledge about the patho-
physiology underlying the clinical symptoms mortality
remains high and has not decreased substantially over the
last decades.

[0005] There are several causes of septic shock including
bacterial, fungal and viral infections as well as noninvasive
stimuli such as multiple trauma, severe burns, organ trans-
plantations and pancreatitis. The fatal outcome of septic
shock has recently been linked to the systemic release of
substantial amounts of various cytokines in the body.
[0006] Septic patient usually die as a result of poor tissue
perfusion and injury followed by multiple organ failure. At
least 7 million patients per year enter into the early stages of
the sepsis pathology, a medical condition named systemic
inflammatory response syndrome (SIRS), which will lead to
more than 250.000 deaths per year in the USA and more than
750,000 worldwide. It is predicted that larger numbers of
persons will develop SIRS as the population ages. Sepsis
develops from a variety of bacterial and fungal sources
stemming from the patient’s inability to fight infection, and
is commonly acquired while recovering from severe injuries
and surgery in hospitals.

[0007] Several published studies describe the need for the
early diagnosis of the enormous sepsis pathology to provide
early patient treatment and to rearrange the costs of treat-
ment. There is also a need for supplemental tests for the
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sepsis pathology. Namely, supplemental tests are needed to
provide data: (1) To differentiate between patients who are
suspected of becoming septic and who will not develop
sepsis and those patients who are suspected of becoming
septic and who will become septic, severely septic or suffer
from septic shock; (2) To determine the susceptibility of an
individual patient to becoming septic; (3) To place an
individual patient’s current status as “very early”, “early”, or
“mid-stage” in an episode of sepsis; and (4) Regarding the
probability that an individual patient’s condition is expected
to deteriorate or to improve.

[0008] Current laboratory culture procedures for diagnos-
ing sepsis suffer from a number of problems including lack
of reliable methods to provide culture results within 48
hours. A second major deficiency is the qualitative accuracy
of the test results, including false negatives, wherein blood
culture only yields positive results (i.e. sepsis is present) in
approximately 28% of patients who become septic, Thus,
over 70% of the patients do not yield positive blood cultures.
[0009] Most often, sepsis starts with a bacterial or fungal
infection, but the pathology results from an individual
patient’s hyperinflammatory response to bacterial cellular
antigens which are produced when the body attempts to fight
off the infection where such microorganisms are killed. The
patient’s response to these available cell wall and other
cellular antigens initiates the cascade of events leading to a
“cytokine storm”.

[0010] Many pharmacological human clinical trials have
been aimed against hindering the inflammatory pathway in
sepsis, but all have failed. Some notable drugs include
Drotrecogin (a recombinant form of human activated protein
C), anti-TNFa, and anti-IL-1 therapy. Therapeutic drug
trials in pediatric septic shock have been universal failures
to date. The most recent and notable example is that of
activated protein C (APC). APC was recently approved by
the FDA as the only drug specifically labeled for septic
shock in adults. A phase III trial of APC in children was
recently terminated at interim analysis secondary to lack of
efficacy and a trend toward increased complications. There
is a well-founded perception that a primary reason why the
pediatric APC trial failed was because many of the enrolled
patients were destined to do well with standard care (i.e. they
were not “sick” enough). Thus, when patients are enrolled
into a drug trial having significant risks (hemorrhage), and
they have a high likelihood of doing well with standard care,
the risk to benefit ratio is negatively impacted for the overall
patient cohort. Thus, there is a need for more effective
stratification of sepsis patients at the time of enrollment.
[0011] The difficulty in early diagnosis of sepsis is
reflected by the high morbidity and mortality associated with
the disease. Reported figures provided from the Centers of
Disease Control (CDC) in 2010, sepsis is the tenth leading
cause of death in the United States for women, children aged
1-9, adults aged 45-85, and is especially prevalent among
hospitalized patients in non-coronary intensive care units
(ICUs). The overall rate of mortality is as high as 35%, with
an estimated 750,000 cases per year occurring in the United
States alone. The annual cost to treat sepsis in the United
States alone is on the order of billions of dollars. While
research into the causes and treatments for sepsis is an
ongoing concern, multiple trials have focused on immune
modulation strategies in adults with septic shock. Despite
strong preclinical data, as well as strong phase I and I data,
the majority of these strategies have failed when subjected
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to large scale, randomized placebo-controlled trials. Conse-
quently, the majority of these strategies have not been
effectively tested in the pediatric population. Current care
for pediatric septic shock remains fundamentally based on
antibiotics and supportive care.

[0012] Many biomarkers have been elucidated, but none
appear to be specific to sepsis. TNF-A, IL-1B, and IL-6, all
pro-inflammatory cytokines, are elevated in sepsis. Other
inflammatory markers, classified as chemokines secondary
to their ability to attract inflammatory cells, such as IL-8 and
monocyte chemoattractant protein, are also associated with
sepsis.

[0013] Actin is an abundant protein present in most
eukaryotic cells and participates in numerous protein-pro-
tein interactions influencing, cell morphology, muscle con-
traction (Rayment 1993), and cell motility (Dominguez
2011). It is a 42 kDa. globular protein (Elzinga 1973) that
cycles between a monomeric (G-actin) and filamentous
(F-actin) state. The intracellular pool of monomeric G-actin
is complexed to and regulated by numerous actin binding
proteins (ABPs) which regulate the conversion of G- to
F-actin (Xue 2013).

[0014] Thymosin Beta 4 (TB4) is expressed in almost all
eukaryotic cells. Its main intracellular activity is to bind
G-actin into a 1:1 complex, rendering G-actin resistant to
polymerization into its filamentous F-actin form. TB4 is
important in maintaining a large intracellular volume of
monomeric actin that is readily available for use if needed
(Mannherz 2009). TB4 has other activities including pre-
venting apoptosis by decreasing cytochrome c release from
mitochondria, increasing bcl-2 expression, and decreasing
caspase activation (Sosne 2004). Additionally, mice exposed
to endotoxin-induced septic shock had decreased mortality
when pre-treated with exogenous TB4 (Badamchian 2003),
suggesting a role for TB4 and the inhibition of G-actin to
F-actin in the pathogenesis of sepsis.

[0015] For at least the reasons provided above, there is a
need to provide biological markers that are prognostically
useful in identifying patients that are likely to progress to
septic shock if left untreated, or to accurately diagnose a
patient suspected of having sepsis, or septic shock.

SUMMARY

[0016] The present technology provides methods for diag-
nosing and prognosing the presence of sepsis and septic
shock in a subject.

[0017] In another aspect the present technology provides a
method for diagnosing or prognosing sepsis in a subject
comprising the steps: (a) providing a biological sample from
the subject suspected of having sepsis or a subject likely to
develop sepsis or having septic shock; (b) determining the
expression level of G-actin and F-actin in the biological
sample; and (c) correlating the ratio of F-actin expression
and G-actin expression (F-actin/G-actin) in the biological
sample to a known standard.

[0018] In another aspect the present technology provides a
method for treating or preventing septic shock in a non-
infectious or infectious SIRS subject. In some examples, the
method comprises: (a) obtaining a blood sample from the
non-infectious SIRS subject or the infectious SIRS subject;
(b) determining the amount of F-actin in the non-infectious
SIRS subject or the infectious SIRS subject’s blood sample;
(c) determining that the non-infectious SIRS subject or the
infectious SIRS subject is in severe sepsis or septic shock if
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the non-infectious SIRS subject or the infectious SIRS
subject’s F-actin level is about 3 ng/mL or greater; and (d)
administering an effective treatment to treat or prevent septic
shock in the non-infectious SIRS subject or the infectious
SIRS subject having an F-actin level of about 3 ng/mL or
greater.

[0019] Further areas of applicability will become apparent
from the description provided herein. It should be under-
stood that the description and specific examples are intended
for purposes of illustration only and are not intended to limit
the scope of the present disclosure.

DETAILED DESCRIPTION

[0020] The following description is merely exemplary in
nature and is not intended to limit the present disclosure,
application, or uses.

[0021] The following description of technology is merely
exemplary in nature of the subject matter, manufacture and
use of one or more inventions, and is not intended to limit
the scope, application, or uses of any specific invention
claimed in this application or in such other applications as
may be filed claiming priority to this application, or patents
issuing therefrom. The following definitions and non-limit-
ing guidelines must be considered in reviewing the descrip-
tion of the technology set forth herein. All references cited
in the “Description” section of this specification are hereby
incorporated by reference in their entirety.

[0022] The description and specific examples, while indi-
cating embodiments of the technology, are intended for
purposes of illustration only and are not intended to limit the
scope of the technology. Moreover, recitation of multiple
embodiments having stated features is not intended to
exclude other embodiments having additional features, or
other embodiments incorporating different combinations of
the stated features. Specific examples are provided for
illustrative purposes of how to make and use the composi-
tions and methods of this technology and, unless explicitly
stated otherwise, are not intended to be a representation that
given embodiments of this technology have, or have not,
been made, or tested.

[0023] As used herein, the words “preferred” and “pref-
erably” refer to embodiments of the technology that afford
certain benefits, under certain circumstances. However,
other embodiments may also be preferred, under the same or
other circumstances. Furthermore, the recitation of one or
more preferred embodiments does not imply that other
embodiments are not useful, and is not intended to exclude
other embodiments from the scope of the technology.
[0024] As referred to herein, all compositional percent-
ages are by weight of the total composition, unless otherwise
specified. As used herein, the word “include,” and its vari-
ants, is intended to be non-limiting, such that recitation of
items in a list is not to the exclusion of other like items that
may also be useful in the materials, compositions, devices,
and methods of this technology. Similarly, the terms “can”
and “may” and their variants are intended to be non-limiting,
such that recitation that an embodiment can or may comprise
certain elements or features does not exclude other embodi-
ments of the present technology that do not contain those
elements or features.

[0025] Disclosure of values and ranges of values for
specific parameters (such as temperatures, molecular
weights, weight percentages, etc.) are not exclusive of other
values and ranges of values useful herein. It is envisioned
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that two or more specific exemplified values for a given
parameter may define endpoints for a range of values that
may be claimed for the parameter. For example, if Parameter
X is exemplified herein to have value A and also exemplified
to have value Z, it is envisioned that parameter X may have
a range of values from about A to about Z. Similarly, it is
envisioned that disclosure of two or more ranges of values
for a parameter (whether such ranges are nested, overlapping
or distinct) subsume all possible combination of ranges for
the value that might be claimed using endpoints of the
disclosed ranges. For example, if parameter X is exemplified
herein to have values in the range of 1-10, or 2-9, or 3-8, it
is also envisioned that Parameter X may have other ranges
of values including 1-9, 1-8, 1-3, 1-2, 2-10, 2-8, 2-3, 3-10,
and 3-9.

[0026] Although the open-ended term “comprising,” as a
synonym of terms such as including, containing, or having,
is use herein to describe and claim the present invention, the
invention, or embodiments thereof, may alternatively be
described using more limiting terms such as “consisting of”
or “consisting essentially of” the recited ingredients.
[0027] The practice of the present invention will employ,
unless otherwise indicated, conventional techniques of
molecular biology (including recombinant techniques),
microbiology, immunology, cell biology and biochemistry,
which are within the skill of the art.

[0028] “Systemic inflammatory response syndrome,” or
“SIRS,” refers to a clinical response to a variety of severe
clinical insults, as manifested by two or more of the fol-
lowing conditions within a 24-hour period: a body tempera-
ture greater than 38° C. (100.4° F.) or less than 36° C. (96.8°
F); a heart rate (HR) greater than 90 beats/minute; a
respiratory rate (RR) greater than 20 breaths/minute, or a
Pco, less than 32 mmHg, or requiring mechanical ventila-
tion; and white blood cell count (WBC) either greater than
12.0x10%L or less than 4.0x10%/L. A subject with SIRS has
a clinical presentation that is classified as SIRS, as defined
above, but is not clinically deemed to be septic. Such
subjects include, for example, those in an ICU and those
who have otherwise suffered from a physiological trauma,
such as a burn, surgery or other insult. A hallmark of SIRS
is the creation of a proinflammatory state that can be marked
by tachycardia, tachypnea or hyperpnea, hypotension,
hypoperfusion, oliguria, leukocytosis or leukopenia, pyrexia
or hypothermia and the need for volume infusion. SIRS
characteristically does not include a documented source of
infection (e.g., bacteremia).

[0029] These symptoms of SIRS represent a consensus
definition of SIRS that can be modified or supplanted by
other definitions in the future. The present definition is used
to clarify current clinical practice and does not represent a
critical aspect of the invention (see, e.g., American College
of Chest Physicians/Society of Critical Care Medicine Con-
sensus Conference: Definitions for Sepsis and Organ Failure
and Guidelines for the Use of Innovative Therapies in
Sepsis, 1992, Crit. Care. Med. 20, 864-874, the entire
contents of which are herein incorporated by reference).
[0030] A “biological sample” encompasses any sample
obtained from a living system or subject. The definition
encompasses blood, plasma, serum, tissue, and other
samples of biological origin that can be collected from a
living system, subject or individual. Preferably, biological
samples are obtained through sampling by minimally inva-
sive or non-invasive approaches (e.g., urine collection, stool
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collection, blood drawing, needle aspiration, and other pro-
cedures involving minimal risk, discomfort or effort). Bio-
logical samples can be gaseous (e.g., exhaled breath). Bio-
logical samples are often liquid (sometimes referred to as a
“biological fluid”). Liquid biological samples include, but
are not limited to, urine, blood, plasma, serum, interstitial
fluid, edema fluid, saliva, lacrimal fluid, inflammatory exu-
dates, synovial fluid, abscess, empyema or other infected
fluid, cerebrospinal fluid, sweat, pulmonary secretions (spu-
tum), seminal fluid, feces, bile, intestinal secretions, and
others. Biological samples include samples that have been
manipulated in any way after their procurement, such as by
treatment with reagents, solubilization, or enrichment for
certain components, such as proteins or polynucleotides.
The term “biological sample” also encompasses a clinical
sample such as serum, plasma, other biological fluid, or
tissue samples, and also includes cells in culture, cell
supernatants and cell lysates.

[0031] As used herein, the terms “pharmaceutically active
agent,” “medicament”, “drug”, “bioactive agent”, “thera-
peutic agent”, and “active agent” may be used interchange-
ably and refer to a substance, such as a small molecule
chemical compound or complex, or natural polymer, such as
antibodies, or nucleic acids, that have a measurable benefi-
cial physiological effect on the body, such as a therapeutic
effect in treatment of a disease or disorder, when adminis-
tered in an effective amount. Further, when these terms are
used, or when a particular active agent is specifically iden-
tified by name or category, it is understood that such
recitation is intended to include the active agent per se, as
well as pharmaceutically acceptable, pharmacologically
active derivatives thereof, or compounds significantly
related thereto, including without limitation, salts, pharma-
ceutically acceptable salts, N-oxides, prodrugs, active
metabolites, isomers, fragments, analogs, solvates hydrates,
radioisotopes, etc.

[0032] The present application provides stratified levels of
treatment or intervention for patients diagnosed or having a
prognosis of SIRS, sepsis, and septic shock. As used herein,
the term: “Higher risk” or “aggressive” therapy will be
understood by one of ordinary skill in the art and includes,
for example, plasmapheresis, high dose ultrafiltration, extra-
corporeal membrane oxygenation, selective cytopheresis,
selective antigen removal, and/or continuous renal replace-
ment therapy. Such therapies are also intended to include
newly developed therapies (e.g., active agents or invasive
procedures) considered to be higher risk therapies, and
active agents that are considered higher risk by one of skill
in the art. Specific support for the possible treatments
encompassed by “Higher risk” or “aggressive” therapy, see
Carcilllo, et al, “Clinical practice parameters for hemody-
namic support of pediatric and neonatal patients in septic
shock,” Crit. Care Med. 2002 June; 30(6):1365-78, and
Annane D. et al, “Septic Shock,” Lancet, 2005 Jan. 1-7,
365(9453):63-68, the disclosures of which are incorporated
herein by reference in their entireties.

[0033] The phrase “standard care” with respect to septic
shock is known to one of ordinary skill in the art and
generally includes antibiotics and organ support.

[0034] A “subject” as exemplified herein, is a vertebrate,
preferably a mammal, preferably a human. In some embodi-
ments, subjects are experimental laboratory animals such as
mice, rats, rabbits and other animals. In various embodi-



US 2017/0307609 A1l

ments, a subject also includes companion animals such as
dogs, cats, and horses. The terms “subject” and *“patient” are
used interchangeably herein.

[0035] The term “therapeutic” treatment is well known in
the medical arts and refers to administration to the subject of
one or more pharmaceutically active agents, medicaments,
drugs, bioactive agents, therapeutic agents, or active agents.
If it is administered prior to clinical manifestation of the
unwanted condition (e.g., disease or other unwanted state of
the host animal) then the treatment is prophylactic, i.e., it
protects the host against developing the unwanted condition,
whereas if administered after manifestation of the unwanted
condition, the treatment is therapeutic (i.e., it is intended to
diminish, ameliorate or maintain the existing unwanted
condition or side effects therefrom).

[0036] The phrase “therapeutic effect” is well known in
the medical arts, and refers to a local or systemic effect in
animals, particularly mammals, and more particularly
humans caused by a pharmacologically active substance.
The term thus means any substance intended for use in the
diagnosis, cure, mitigation, treatment or prevention of dis-
ease or in the enhancement of desirable physical or mental
development and/or conditions in an animal or human. The
phrase “therapeutically-effective amount” means that
amount of such a substance that produces some desired local
or systemic effect at a reasonable benefit/risk ratio appli-
cable to any treatment. The therapeutically effective amount
of such substance will vary depending upon the individual
and disease condition being treated, the weight and age of
the individual, the severity of the disease condition, the
manner of administration and the like, which can readily be,
determined by one of ordinary skill in the art.

[0037] The term “treatment” refers to both therapeutic
treatment and prophylactic or preventative measures,
wherein the object is to prevent or slow down (lessen) the
targeted pathologic condition or disorder. Those in need of
treatment include those already with the disorder as well as
those prone to have the disorder or those in whom the
disorder is to be prevented.

[0038] “Sepsis” refers to a systemic host response to
infection with SIRS plus a documented infection (e.g., a
subsequent laboratory confirmation of a clinically signifi-
cant infection such as a positive culture for an organism).
Thus, sepsis refers to the systemic inflammatory response to
a documented infection (see, e.g., American College of
Chest Physicians Society of Critical Care Medicine, Chest,
1997, 101:1644-1655, the entire contents of which are
herein incorporated by reference).

[0039] As used herein, the term “septic shock” refers to a
clinically well-defined condition known in the art, and exists
in a subject exhibiting the symptoms of fever, hypothermia,
falling blood pressure, rapid breathing, rapid heartbeat, skin
lesions and leakage of plasma proteins into the tissues,
metabolic acidosis and elevated plasma lactate. Septic shock
is particularly characterized by maldistribution of blood flow
and disturbances in tissue oxygen in various organs of the
body. Distribution of blood flow may become heterogeneous
with subsequent under- and overperfusion of various tissues.
These disturbances have been noted both at the macro-as
well as at the microcirculatory level.

[0040] The phrase “standard care” with respect to septic
shock is known to one of ordinary skill in the art and
generally includes antibiotics and organ support.
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[0041] The term “preexisting condition” generally defines
a patient or subject population that exhibits symptoms, or is
confirmed to have a disease, or disorder that may, in some
circumstances, also progress to sepsis, or septic shock as a
primary or secondary comorbidity. In some illustrative
embodiments, a subject with a preexisting condition, can
include a subject diagnosed with an infection, a subject
diagnosed with SIRS, a subject suspected of having SIRS, a
subject having one or more symptoms of an inflammatory
condition, a subject diagnosed with an autoimmune disease,
a subject having a surgery performed less than 72 hours, a
subject admitted for medical treatment as a result of a
trauma, a subject admitted for medical treatment as a result
of a burn, a premature neonatal subject, and a subject
diagnosed with a cardiovascular disease.

[0042] The “onset of sepsis” refers to an early stage of
sepsis, e.g., prior to a stage when conventional clinical
manifestations are sufficient to support a clinical suspicion
of sepsis. Because the methods of the present invention are
used to detect those subjects that are likely to progress to
septic shock or have septic shock prior to a time that septic
shock would be suspected using conventional techniques,
the subject’s disease status at early sepsis can only be
confirmed retrospectively, when the manifestation of sepsis
is more clinically obvious. The exact mechanism by which
a subject becomes septic is not a critical aspect of the
invention. The methods of the present invention can detect
the onset of sepsis independent of the origin of the infectious
process.

[0043] A non-infectious SIRS subject or patient refers to a
subject or patient with two or more of the following condi-
tions within a 24-hour period: a body temperature greater
than 38° C. (100.4° F.) or less than 36° C. (96.8° F.); a heart
rate (HR) greater than 90 beats/minute; a respiratory rate
(RR) greater than 20 breaths/minute, or a PCO, less than 32
mmHg, or requiring mechanical ventilation; and white blood
cell count (WBC) either greater than 12.0x10°/L or less than
4.0x10%L and has not been tested with a positive culture,
bacteremia or infection.

[0044] An infectious SIRS subject or patient refers to a
subject or patient with two or more of the following condi-
tions within a 24-hour period: a body temperature greater
than 38° C. (100.4° F.) or less than 36° C. (96.8° F.); a heart
rate (HR) greater than 90 beats/minute; a respiratory rate
(RR) greater than 20 breaths/minute, or a PCO, less than 32
mmHg, or requiring mechanical ventilation; and white blood
cell count (WBC) either greater than 12.0x10°/L or less than
4.0x10°T. and has been tested with a positive culture,
bactrenia or infection. A non-infectious SIRS subject or
patient refers to a subject or patient with at least one of the
above conditions, and has a negative culture, or bacteremia
or infection.

[0045] “Severe sepsis™ refers to sepsis associated with
organ dysfunction, hypoperfusion abnormalities, or sepsis-
induced hypotension. Hypoperfusion abnormalities include,
but are not limited to, lactic acidosis, oliguria, or an acute
alteration in mental status.

[0046] “Septic shock™ refers to sepsis-induced hypoten-
sion that is not responsive to adequate intravenous fluid
challenge and with manifestations of peripheral hypoperfu-
sion.

[0047] A “biomarker” is virtually any detectable com-
pound, such as a protein, a peptide, a proteoglycan, a
glycoprotein, a lipoprotein, a carbohydrate, a lipid, a nucleic
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acid (e.g., DNA, such as cDNA or amplified DNA, or RNA,
such as mRNA), an organic or inorganic chemical, a natural
or synthetic polymer, a small molecule (e.g., a metabolite),
or a discriminating molecule or discriminating fragment of
any of the foregoing, that is present in or derived from a
biological sample. “Derived from” as used in this context
refers to a compound that, when detected, is indicative of a
particular molecule being present in the biological sample.
For example, detection of a particular cDNA can be indica-
tive of the presence of a particular RNA transcript in the
biological sample. As another example, detection of or
binding to a particular antibody can be indicative of the
presence of a particular antigen (e.g., protein) in the bio-
logical sample. Here, a discriminating molecule or fragment
is a molecule or fragment that, when detected, indicates
presence or abundance of an above-identified compound.

[0048] A biomarker, for example, G-actin and/or F-actin,
and/or TB4 can be isolated from the biological sample, for
example a blood sample, directly measured in the biological
sample, or detected in or determined to be in the biological
sample. A biomarker, G-actin and/or F-actin, and/or TB4
can, for example be functional, partially functional, or
non-functional. In one embodiment of the present invention,
G-actin and/or F-actin and/or TB4 are isolated and used, for
example, to raise a specifically-binding antibody that can
facilitate detection of G-actin and/or F-actin in a variety of
diagnostic assays. In various embodiments, antibodies or
fragments thereof, whether labeled or unlabeled that bind
specifically to G-actin and/or F-actin and/or TB4 are com-
mercially available. Any immunoassay may use any anti-
bodies, antibody fragments or derivatives thereof capable of
binding the G-actin and/or F-actin molecules (e.g., mono-
clonal Abs, polyclonal Abs, Fab, F(ab',), Fv, or scFv frag-
ments, or antigen binding fragments thereof). Such immu-
noassays are well-known in the art. In addition, if the
G-actin and/or F-actin and/or TB4 expression is being
measured as an mRNA polynucleotide, or portion thereof, it
can be detected using nucleic acid hybridization techniques
using well-established techniques.

Methods for Screening Subjects

[0049] In various embodiments, the present invention pro-
vides methods for diagnosing and prognosing whether a
subject who may have SIRS or may have recently experi-
enced a trauma, burn, surgery or an infection, will progress
to sepsis, remain in sepsis, likely to progress to septic shock
or is in septic shock.

[0050] In one embodiment, the methods of the present
invention for diagnosing or prognosing sepsis in a subject
involve the measurement of G-actin and F-actin levels in the
subject being diagnosed or prognosed. Actin is the most
abundant protein in most eukaryotic cells and participates in
numerous protein-protein interactions. Actin influences cell
morphology, muscle contraction, and cell motility. It is
present in two forms: a monomeric G-actin that can rapidly
polymerize into its filamentous F-actin form. The intracel-
lular pool of monomeric G-actin is divided into two groups:
the large pool of sequestered monomeric G-actin, which is
complexed to and regulated by actin binding proteins
(ABPs) such as Thymosin Beta-4 (TB4) or Gelsolin, and a
smaller pool of free monomeric actin that is in rapid equi-
librium with filamentous actin. To the best of our knowl-
edge, the concentration of G-actin and F-actin in the serum
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of healthy humans as well as patients in septic shock was
unknown prior to the work conducted by the inventors.
[0051] TB4 is expressed in almost all eukaryotic cells. Its
main intracellular activity is to bind G-actin into a 1:1
complex, rendering G-actin resistant to polymerization into
its filamentous F-actin form. TB4 is important in maintain-
ing a large intracellular volume of monomeric actin that is
readily available for use if needed. TB4 has other activities
such as preventing apoptosis by decreasing cytochrome ¢
release from mitochondria, increasing bel-2 expression, and
decreasing caspase activation. It has currently passed phase
2 trials for severe dry eyes associated with graft versus host
disease, pressure and venous stasis ulcers, and is being
considered for phase 2 trials in peripheral neuropathy and
stroke.

[0052] In murine sepsis models, TB4 levels have been
shown to decrease when exposed to lipopolysaccharide from
E. coli. Additionally, mice exposed to endotoxin-induced
septic shock had decreased mortality when pre-treated with
exogenous TB4, suggesting a role for TB4 and actin in the
pathogenesis of sepsis.

[0053] In one embodiment, the methods of the present
invention for diagnosing or prognosing sepsis in a subject
comprising the steps: (a) providing a biological sample from
the subject suspected of having sepsis or a subject likely to
develop sepsis; (b) determining the expression level of
G-actin and F-actin in the biological sample; and (¢) corre-
lating the ratio of G-actin expression and F-actin expression
in the biological sample to known standards. In some
embodiments, if the ratio of F-actin/G-actin are above a
certain threshold, the subject is diagnosed or prognosed to
have sepsis, or likely to develop septic shock, or is in septic
shock.

[0054] In various embodiments, determining the ratio of
F-actin to G-actin enables a clinician or medical profes-
sional, to stratify the severity of the sepsis and enable certain
treatment options to be correlated to the severity of the
sepsis or tailor treatment procedures to avert worsening the
sepsis or rescuing the subject from the irreversible and life
threatening pathology of septic shock. In this regard, the
present invention provides a method for classifying a sepsis
condition in a subject for determining the effective course of
treatment, the method comprising: (a) providing a biological
sample from the subject suspected of having sepsis or a
subject likely to develop sepsis; (b) determining the expres-
sion level of F-actin and G-actin in the biological sample;
and (c) correlating the ratio of F-actin expression and
G-actin expression in the biological sample to known stan-
dards. In some embodiments, once the expression levels of
F-actin and G-actin are determined from the biological
sample, they may optionally be standardized to a known
volume or commonly known measurement of value. The
expression values (whether standardized or not) of F-actin
and G-actin, in the biological sample can be computed into
a ratio of F-actin over G-actin. The ratio of F-actin over
G-actin in the biological sample, is then compared to the
ratio of F-actin over G-actin obtained from a population of
subjects who do not have sepsis, (e.g. healthy controls), or
from patients with SIRS, or patients who have a preexisting
condition or disorder at the time of correlating the ratio. The
F-actin/G-actin ratio can then be used to determine the
subject’s clinical status with respect to sepsis, the likelihood
of progressing to septic shock or diagnosis and prognosis of
septic shock by correlating the ratio of F-actin expression
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and G-actin expression in the biological sample to known
standard values of the ratio of F-actin over G-actin, obtained
from healthy controls, or from patients with SIRS, or
patients who have a preexisting condition or disorder at the
time of correlating the ratio. In some embodiments, the
method for diagnosing sepsis comprises determining
whether the ratio of F-actin to G-actin exceeds a threshold
of three standard deviations above the mean F-actin to
G-actin ratio in healthy controls, and if the ratio of F-actin
expression and G-actin expression in the biological sample
is above said threshold, then the subject is diagnosed or
prognosed as having sepsis.

[0055] In a further embodiment, a method for diagnosing
or prognosing a likelihood that a patient will progress to
septic shock comprises correlating the ratio of F-actin
expression and G-actin expression in the biological sample
to known standards. In this example, if the ratio of F-actin
to G-actin in the biological sample exceeds a threshold of
three standard deviations above a mean F-actin to G-actin
ratio in subjects having a preexisting condition or disorder at
the time of deriving the ratio, then the subject is diagnosed
or prognosed as having sepsis likely to proceed to septic
shock. A subject having a preexisting condition or disorder
includes a subject having a preexisting condition or disorder
at the time of correlating the F-actin/G-actin ratio, for
example, a subject diagnosed with a bacterial or viral
infection, a subject diagnosed with SIRS, or suspected of
having SIRS, a subject having one or more symptoms of an
inflammatory condition, a subject diagnosed with an auto-
immune disease, a subject having a surgery performed less
than 72 hours, a subject admitted for medical treatment as a
result of a trauma, a subject admitted for medical treatment
as a result of a burn, a premature neonatal subject, or a
subject diagnosed with a cardiovascular disease. For a
patient diagnosed or prognosed as having sepsis likely to
proceed to septic shock, the treatment may include a hybrid
approach comprising a conservative treatment plan along
with an aggressive treatment plan depending on the differ-
ence or delta of the subject’s ratio of F-actin to G-actin. If
the values are significantly higher than the mean F-actin/G-
actin ratio, then the treatment plan can be shifted to a more
aggressive form, for example, a mixture of antibiotics,
anti-inflammatory agents, plasmapheresis, high dose ultra-
filtration, extracorporeal membrane oxygenation, selective
cytopheresis, selective antigen removal, continuous renal
replacement therapy, or combinations thereof.

[0056] In a related embodiment, a method for diagnosing
or prognosing a subject in septic shock comprises correlat-
ing the ratio of F-actin expression and G-actin expression in
the biological sample to known standards. In this example,
if the ratio of F-actin to G-actin in the biological sample
exceeds a threshold of six standard deviations above a mean
F-actin to G-actin ratio in subjects having a preexisting
condition or disorder at the time of deriving the ratio, then
the subject is diagnosed or prognosed as in septic shock.

[0057] In one embodiment, the diagnostic and/or prognos-
tic methods comprises the use of a ratio of F-actin and
G-actin and these levels are compared to reference threshold
levels obtained from healthy control expression levels or
from SIRS patients or patients with a preexisting condition.
Once the diagnosis is made, it can be confirmed using TB4
as a secondary biomarker, wherein if the level of TB4 is
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below a certain threshold, then the subject is confirmed as
having sepsis, or likely to progress to septic shock or is in
septic shock.

[0058] In another embodiment, the invention provides a
method for classifying or stratifying a sepsis condition in a
subject for the purpose of determining an effective course of
treatment. In this related embodiment, the method includes
the steps of: (a) providing a biological sample from the
subject suspected of having sepsis or a subject likely to
develop sepsis; (b) determining the expression level of
F-actin and G-actin in the biological sample; and (c) corre-
lating the ratio of F-actin expression and G-actin expression
in the biological sample to a known standard. In the above
exemplary method, if the ratio of F-actin to G-actin in the
biological sample exceeds a threshold of three standard
deviations above the mean F-actin to G-actin ratio in healthy
controls, then the subject is treated with a conservative
treatment comprising antibiotics, anti-inflammatories, and
organ support. In another embodiment, if the ratio of F-actin
to G-actin in the biological sample exceeds a threshold of six
standard deviations above the mean F-actin to G-actin ratio
in subjects having a preexisting condition or disorder at the
time of deriving the ratio, then the subject is treated aggres-
sively, for example, with plasmapheresis, high dose ultra-
filtration, extracorporeal membrane oxygenation, selective
cytopheresis, selective antigen removal, continuous renal
replacement therapy, or combinations thereof.

[0059] In another embodiment, the methods of the present
invention for diagnosing or prognosing sepsis in a subject
comprising the steps: (a) providing a biological sample from
the subject suspected of having sepsis or a subject likely to
develop sepsis; (b) determining the expression level of
F-actin and TB4 in the biological sample; and (¢) correlating
the levels of F-actin expression and TB4 expression in the
biological sample to known standards. In some embodi-
ments, if the level of F-actin is above a certain threshold, and
the level of TB4 is below a certain threshold, the subject is
diagnosed or prognosed to have sepsis, or likely to develop
septic shock, or is in septic shock.

[0060] Invarious embodiments, determining level of F-ac-
tin and TB4 enables a clinician or medical professional, to
stratify the severity of the sepsis and enable certain treat-
ment options to be correlated to the severity of the sepsis or
tailor treatment procedures to avert worsening the sepsis or
rescuing the subject from the irreversible and life threaten-
ing pathology of septic shock. In this regard, the present
invention provides a method for classifying a sepsis condi-
tion in a subject for determining the effective course of
treatment, the method comprising: (a) providing a biological
sample from the subject suspected of having sepsis or a
subject likely to develop sepsis; (b) determining the expres-
sion level of F-actin and TB4 in the biological sample; and
(c) correlating the level of F-actin expression and TB4
expression in the biological sample to known standards. In
some embodiments, once the expression levels of F-actin
and TB4 are determined from the biological sample, they
may optionally be standardized to a known volume or
commonly known measurement of value.

[0061] The expression values (whether standardized or
not) of F-actin and TB4, in the biological sample can be
compared to standard levels of F-actin and TB4 in healthy
controls or from patients with SIRS, or patients who have a
preexisting condition or disorder at the time of measurement
of these biomarkers. The F-actin and TB4 levels can then be
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used to determine the subject’s clinical status with respect to
sepsis, the likelihood of progressing to septic shock or
diagnosis and prognosis of septic shock. If the level of
F-actin in the test subject’s biological sample is above a
certain threshold, as determined from healthy controls, or
from patients with SIRS, or patients who have a preexisting
condition or disorder and the levels of TB4 are below a
predetermined threshold as determined from healthy con-
trols, or from patients with SIRS, or patients who have a
preexisting condition, then the subject is treated with a
treatment regimen that accounts for the severity of the
sepsis. In some embodiments, the method for diagnosing
sepsis comprises determining whether the level of F-actin
exceeds a threshold of three standard deviations above the
mean F-actin level in healthy controls, and determining
whether the level of TB4 is below a threshold of three
standard deviations below the mean TB4 level in healthy
controls, and if the level of F-actin expression in the
biological sample is above said threshold, and the level of
TB4 expression in the biological sample is below said
threshold, then the subject is diagnosed or prognosed as
having sepsis.

[0062] In some embodiments, the method for diagnosing
a subject likely to progress to septic shock comprises
determining whether the level of F-actin exceeds a threshold
of three standard deviations above the mean F-actin level in
a SIRS patient, or a patient with a preexisting condition, and
determining whether the level of TB4 is below a threshold
of three standard deviations below the mean TB4 level in a
SIRS patient, or a patient with a preexisting condition, and
if the level of F-actin expression in the biological sample is
above said threshold, and the level of TB4 expression in the
biological sample is below said threshold, then the subject is
diagnosed or prognosed as likely to progress to septic shock.
[0063] In some embodiments, the method for diagnosing
a subject in septic shock comprises determining whether the
level of F-actin exceeds a threshold of six standard devia-
tions above the mean F-actin level in a SIRS patient, or a
patient with a preexisting condition, and determining
whether the level of TB4 is below a threshold of six standard
deviations below the mean TB4 level in a SIRS patient, or
a patient with a preexisting condition, and if the level of
F-actin expression in the biological sample is above said
threshold, and the level of TB4 expression in the biological
sample is below said threshold, then the subject is diagnosed
or prognosed as being in septic shock.

[0064] In various embodiments, once the subject has been
diagnosed or prognosed as either having sepsis, likely to
progress to septic shock or is in septic shock, then the course
of treatment can be determined for the subject based on the
subject’s diagnosis and/or prognosis. For example, if the
level of F-actin expression in the biological sample of the
test subject exceeds a threshold of three standard deviations
above the mean F-actin level in healthy controls, and the
level of TB4 is below a threshold of three standard devia-
tions below the mean TB4 level in healthy controls, then the
subject is diagnosed or prognosed as having sepsis. This test
subject can be treated using a standard course of care, for
example, anti-inflammatories, antibiotics and organ support.
[0065] Similarly, if the level of F-actin expression level in
the subject’s biological sample exceeds a threshold of three
standard deviations above the mean F-actin expression level
in a SIRS patient, or a patient with a preexisting condition,
and the level of TB4 expression is below a threshold of three
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standard deviations below the mean TB4 expression level in
a SIRS patient, or a patient with a preexisting condition, then
the subject is diagnosed or prognosed as likely to progress
to septic shock. This test subject can be treated using a
hybrid course of care, for example, anti-inflammatories,
antibiotics, organ support, plasmapheresis, high dose ultra-
filtration, extracooreal membrane oxygenation, selective
cytopheresis, selective antigen removal, continuous renal
replacement therapy, or combinations thereof.

[0066] In other embodiments if the level of F-actin expres-
sion level in the subject’s biological sample exceeds a
threshold of six standard deviations above the mean F-actin
expression level in a SIRS patient, or a patient with a
preexisting condition, and the level of TB4 expression is
below a threshold of six standard deviations below the mean
TB4 expression level in a SIRS patient, or a patient with a
preexisting condition, then the subject is diagnosed or prog-
nosed as being in septic shock. This test subject can be
treated using an aggressive course of care, for example,
plasmapheresis, high dose ultrafiltration, extracorporeal
membrane oxygenation, selective cytopheresis, selective
antigen removal, continuous renal replacement therapy, or
combinations thereof.

Collection & Measurement of F- & G-Actin & TB4 Levels

[0067] According to one embodiment, the methods of the
present invention comprise generating an F-actin/G-actin
ratio from a biological sample taken or derived from a
subject. In various embodiments, the biomarker profile is the
relative amount of F-actin and G-actin and/or TB4 present in
a biological sample taken from the subject under investiga-
tion. The biological sample may be, for example, a body
fluid, for example, whole blood, plasma, serum, red blood
cells, platelets, neutrophils, eosinophils, basophils, lympho-
cytes, monocytes, saliva, sputum, urine, cerebral spinal
fluid, or a body tissue, for example, cells, a cellular extract,
a tissue sample, a tissue biopsy, or any sample that may be
obtained from a subject using techniques well known to
those of skill in the art. In a specific embodiment, a ratio of
F-actin/G-actin and/or TB4 is determined using one or more
biological samples (preferably the same type of biological
sample) collected from a subject at one or more separate
time points. In another specific embodiment, a plurality of
F-actin/G-actin ratios and/or expression levels of TB4 are
generated using biological samples obtained from a subject
at separate time points. In one example, these biological
samples are obtained from the subject either once or, alter-
natively, on a daily basis, or more frequently, e.g., every 4,
6, 8 or 12 hours for a period of 1-5 days. In a specific
embodiment, an F-actin/G-actin ratio or TB4 expression
level is determined using biological samples collected from
a single tissue type.

[0068] Similarly, the F-actin/G-actin ratio and/or TB4
expression level is determined in a reference or control
biological sample. A “reference” or “control” can also be
referred to as a “reference” sample. A reference sample can
be generated from a biological sample taken at a particular
time point in a subject that is a healthy control, i.e. a subject
or from a pooled biological sample from subjects, that do not
have sepsis, or SIRS, or an infectious disease, or an inflam-
matory disease, or are otherwise healthy. In some embodi-
ments, a reference profile can be generated from a biological
sample taken at a particular time point in a subject that has
a preexisting condition, i.e. a subject or from a pooled
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biological sample from subjects, that are diagnosed with an
infection, a subject having one or more symptoms of an
inflammatory condition, a subject diagnosed with an auto-
immune disease, a subject having a surgery performed less
than 72 hours, a subject admitted for medical treatment as a
result of a trauma, a subject admitted for medical treatment
as a result of a burn, a premature neonatal subject, and a
subject diagnosed with a cardiovascular disease. The refer-
ence profile, or plurality of reference profiles, can be used to
establish threshold values for the levels of G-actin and/or
F-actin and/or TB4 in a biological sample.

[0069] In addition, a reference profile can be in the form
of a threshold value or series of threshold values. For
example, a single threshold value can be determined by
averaging the values of F-actin/G-actin ratio and/or TB4
from healthy controls, or from subjects with a preexisting
condition. Similarly, a single or two or more threshold
values can be determined by averaging the values of a series
of F-actin/G-actin ratios and/or TB4 from healthy control(s)
or subject(s) with a preexisting condition. Thus, a threshold
value can have a single value or a plurality of values, each
value representing a level of a specific F-actin/G-actin ratio,
and/or TB4, detected in a biological sample, for example a
fluid biological sample, such as blood, plasma, serum, or
urine sample, e.g., of a healthy control or plurality of healthy
controls, or a subject with SIRS, or a preexisting condition,
or a plurality of subjects with SIRS or a preexisting condi-
tion.

Methods of Detecting F-Actin, G-Actin and TB4 Protein in
a Biological Sample

[0070] In specific embodiments of the invention, one or
more ratios of F-actin and G-actin can be obtained by
detecting proteins, for example, by detecting the expression
product (e.g., a nucleic acid or protein) of F-actin and
G-actin or post-translationally modified, or otherwise modi-
fied, or processed forms of such proteins. In one embodi-
ment, the amount of F-actin in the biological sample is
determined by detecting and/or analyzing F-actin or a por-
tion thereof using any method known to those skilled in the
art for detecting proteins including, but not limited to protein
microarray analysis, immunohistochemistry and mass spec-
trometry. In various illustrative embodiments, the G-actin to
be used in the various assays described herein, can be human
G-actin monomer. In some illustrative examples, human
G-actin can include G-actin monomer having an amino acid
sequence or a portion thereof (i.e. the mature form of G-actin
(375 aa) having an accession number from the NCBI data-
base Accession No. NP_001092.1. NM_001101.3. (SEQ ID
NO: 1) and having an mRNA polynucleotide sequence of
NCBI database Accession No. NM_001101 (a 1852 bp
mRNA) (SEQ ID NO: 2). F-actin is polymerized human
G-actin with ATP.

[0071] In some illustrative embodiments, TB4 otherwise
known as Thymosin beta-4, or (TMSB4X, FX, PTMB4,
TB4X, or TMSB4) has a human protein sequence provided
in NCBI database Accession No. NP_066932, version NP
066932.1, G1:11056061 (SEQ ID NO: 3), and a TB4 mRNA
as provided in NCBI database Accession No. NM_021109
(SEQ ID NO: 4), the disclosures of which are incorporated
herein by reference in its entirety. In one embodiment, a
representative amino acid sequence of TB4 is: MSDKPD-
MAEIEKFDKSKLKKTETQEKN-
PLPSKETIEQEKQAGES (SEQ ID NO:5). In some
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embodiments, measurement of TB4 as used in the various
methods and kits disclosed herein, can also include mea-
surement of an acylated tetra peptide “Ac-SDKP” (positions
2-5 of SEQ ID NO: 5) that is a surrogate for the full length
molecule of TB4. In addition, the measurement of TB4 as
used in the various methods and kits disclosed herein, can
also include measurement of LKKTET (positions 18-22 of
SEQ ID NO: 5) that is a surrogate for the full length
molecule of TB4.

[0072] Standard techniques may be utilized for determin-
ing the amount of the F-actin and G-actin, and TB4 proteins
of interest present in a biological sample. For example,
standard techniques can be employed using, e.g., immuno-
assays such as, for example Western blot, immunoprecipi-
tation followed by sodium dodecyl sulfate polyacrylamide
gel electrophoresis, (SDS-PAGE), immunocytochemistry,
and the like to determine the amount of protein or proteins
of interest present in a sample. One exemplary agent for
detecting a protein of interest is an antibody capable of
specifically binding to F-actin, and/or G-actin or a single
antibody, capable of binding to both F-actin and G-actin,
preferably an antibody detectably labeled, either directly or
indirectly. An exemplary agent for detecting TB4 in a
biological sample, is an antibody capable of specifically
binding TB4, preferably an antibody detectably labeled,
either directly or indirectly.

[0073] For such detection methods, if desired a protein
from the sample to be analyzed can easily be isolated using
techniques which are well known to those of skill in the art.
Protein isolation methods can, for example, be such as those
described in Harlow and Lane, 1988, Antibodies: A Labo-
ratory Manual, Cold Spring Harbor Laboratory Press (Cold
Spring Harbor, N.Y.), which is incorporated by reference
herein in its entirety.

[0074] In certain embodiments, methods of detection of
the protein or proteins of interest involve their detection via
interaction with a protein-specific antibody. For example,
antibodies directed to a protein of interest (e.g., a protein
expressed from a gene described herein, e.g., a protein listed
in). Antibodies can be generated utilizing standard tech-
niques well known to those of skill in the art. In specific
embodiments, antibodies can be polyclonal, or more pref-
erably, monoclonal. An intact antibody, or an antibody
fragment (e.g., scFv, Fab or F(ab'),) can, for example, be
used. In some embodiments, exemplary antibodies useful in
the methods of the present invention include: mouse mono-
clonal anti-actin antibody (Cat. No. MA1-744 (mAbGEa)
Thermo Fisher Scientific Rockford, 1ll. USA). In some
embodiments, exemplary antibodies useful in the methods
of the present invention include: mouse monoclonal anti-
TB4 antibody (Cat. No. MABT77 EMD Millipore, Billerica,
Mass. USA). Methods for quantifying F-actin and G-actin
and TB4 are well known in the art. For example, the
biological sample can be dialyzed against a stabilization
buffer containing protease inhibitors ((0.1 M PIPES, pH 6.9,
30% glycerol, 5% DMSO, 1 mM MgSO,, 1 mM EGTA, 1%
TX-100, 1 mM ATP, and protease inhibitor) on ice for 2-6
hours). The retentate is then centrifuged in a tabletop cen-
trifuge at 16.000 g. The supernatant containing G-actin is
recovered, and the pellet containing F-actin was solubilized
with actin depolymerization F-actin was solubilized with
actin depolymerization buffer (0.1 M PIPES, pH 6.9, 1 mM
MgSO,, 10 mM CaCl,, and 5 pM cytochalasin D). Aliquots
of supernatant and pellet fractions are separated on 12%
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SDS-PAGE gels and then western blotted with monoclonal
anti-actin antibody (mouse monoclonal anti-actin antibody
(Cat. No. MA1-744 (mAbGEa) Thermo Fisher Scientific
Rockford, 111. USA). Signal for each actin sample is detected
by ECL in a digital dark room and integrated optical band
density can be used to estimate the cellular F/G-actin ratio.
Commercial kits for determining the F/G actin ratio are also
available, for example, the G-Actin/F-actin In Vivo Assay
Biochem Kit (Cat. No. BK037, Cytoskeleton Inc. Denver,
Colo. USA). Alteratively, G-actin and F-actin levels can be
determined directly from the biological sample, optionally
diluted with an appropriate buffer using an ELISA based
immunoassay.

[0075] For example, antibodies, or fragments of antibod-
ies, specific for F-actin and/or G-actin of interest can be used
to quantitatively or qualitatively detect the presence of these
proteins. This can be accomplished, for example, by an
immune assay, such as an immunofluorescence, immuno-
precipitation, western blotting, ELISA techniques, or com-
binations thereof. Antibodies (or fragments thereof) can,
additionally, be employed histologically, as in immunofluo-
rescence or immunoelectron microscopy, for in situ detec-
tion of F-actin and/or G-actin. In situ detection can be
accomplished by removing a biological sample (e.g., a
biopsy specimen) from a patient, and applying thereto a
labeled antibody that is directed to F-actin and/or G-actin.
The antibody (or fragment) is preferably applied by over-
laying the antibody (or fragment) onto a biological sample.
Through the use of such a procedure, it is possible to
determine not only the presence of F-actin and/or G-actin,
but also its distribution, in a particular sample. A wide
variety of well-known histological methods (such as staining
procedures) can be utilized to achieve such in situ detection.
[0076] Immunoassays for F-actin and/or G-actin typically
comprise incubating a biological sample of a detectably
labeled antibody capable of identifying F-actin and/or G-ac-
tin, and detecting the bound antibody by any of a number of
techniques well-known in the art. As discussed in more
detail, below, the term “labeled” can refer to direct labeling
of the antibody via, e.g., coupling (i.e., physically linking) a
detectable substance to the antibody, and can also refer to
indirect labeling of the antibody by reactivity with another
reagent that is directly labeled. Examples of indirect labeling
include detection of a primary antibody using a fluorescently
labeled secondary antibody.

[0077] The biological sample can be brought in contact
with and immobilized onto a solid phase support or carrier
such as nitrocellulose, or other solid support which is
capable of immobilizing cells, cell particles or soluble
proteins. The support can then be washed with suitable
buffers followed by treatment with the detectably labeled
antibody. The solid phase support can then be washed with
the buffer a second time to remove unbound antibody. The
amount of bound label on solid support can then be detected
by conventional methods.

[0078] By “solid phase support or carrier” is intended any
support capable of binding an antigen or an antibody.
Well-known supports or carriers include glass, polystyrene,
polypropylene, polyethylene, dextran, nylon, amylases,
natural and modified celluloses, polyacrylamides and mag-
netite. The nature of the carrier can be either soluble to some
extent or insoluble for the purposes of the present invention.
The support material can have virtually any possible struc-
tural configuration so long as the coupled molecule is
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capable of binding to an antigen or antibody. Thus, the
support configuration can be spherical, as in a bead, or
cylindrical, as in the inside surface of a test tube, or the
external surface of a rod. Alternatively, the surface can be
flat such as a sheet, test strip, etc. Preferred supports include
polystyrene beads. Those skilled in the art will know many
other suitable carriers for binding antibody or antigen, or
will be able to ascertain the same by use of routine experi-
mentation.

[0079] One of the ways in which an antibody specific for
F-actin and/or G-actin and/or TB4 can be detectably labeled
is by linking the same to an enzyme and use in an enzyme
immunoassay (EIA) (Voller, 1978, “The Enzyme Linked
Immunosorbent Assay (ELISA)”, Diagnostic Horizons 2:1-
7, Microbiological Associates Quarterly Publication, Walk-
eraville, Md.; Voller et al., 1978, J. Clin. Pathol. 31:507-520;
Butler, J. E., 1981, Meth. Enzymol. 73:482-523; Maggio
(ed.), 1980, Enzyme Immunoassay, CRC Press, Boca Raton,
Fla.; Ishikawa et al., (eds.), 1981, Enzyme Immunoassay,
Kgaku Shoin, Tokyo, each of which is hereby incorporated
by reference in its entirety). The enzyme which is bound to
the antibody will react with an appropriate substrate, pref-
erably a chromogenic substrate, in such a manner as to
produce a chemical moiety which can be detected, for
example, by spectrophotometric, fluorimetric or by visual
means.

[0080] Detection can also be accomplished using any of a
variety of other immunoassays. For example, by radioac-
tively labeling the antibodies or antibody fragments, it is
possible to detect F-actin and/or G-actin and/or TB4 through
the use of a radioimmunoassay (RIA).

[0081] It is also possible to label the antibody with a
fluorescent compound. When the fluorescently labeled anti-
body is exposed to light of the proper wavelength, its
presence can then be detected due to fluorescence. Among
the most commonly used fluorescent labeling compounds
are fluorescein isothiocyanate, rhodamine, phycoerythrin,
phycocyanin, allophycocyanin, o-phthaldehyde and fluores-
camine.

[0082] The antibody can also be detectably labeled using
fluorescence emitting metals such as '3*Eu, or others of the
lanthanide series. These metals can be attached to the
antibody using such metal chelating groups as diethyletri-
aminpentcetic acid (DTPA) or ethylenediaminetetraacetic
acid (EDTA).

[0083] The antibody also can be detectably labeled by
coupling it to a chemiluminescent compound. The presence
of the chemiluminescent-tagged antibody is then determined
by detecting the presence of luminescence that arises during
the course of a chemical reaction. Examples of particularly
useful chemiluminescent labeling compounds are luminol,
isoluminol, theromatic acridinium ester, imidazole, acri-
dinium salt and oxalate ester.

[0084] Likewise, a bioluminescent compound can be used
to label the antibody of the present invention. Biolumines-
cence is a type of chemiluminescence found in biological
systems in, which a catalytic protein increases the efficiency
of the chemiluminescent reaction. The presence of a biolu-
minescent protein is determined by detecting the presence of
luminescence. Important bioluminescent compounds for
purposes of labeling are luciferin, luciferase and acquorin. In
another embodiment, specific binding molecules other than
antibodies, such as aptamers, may be used to bind the
biomarkers F-actin and/or G-actin and/or TB4.



US 2017/0307609 A1l

[0085] 1In specific embodiments of the invention, relative
G-actin levels and/or TB4 levels in the biological sample can
be quantified using assays that detect and quantify nucleic
acids encoding G-actin or TB4. Methods useful in the
detection and quantification of RNA encoding G-actin or
TB4 can be accomplished using any method well known to
those skilled in the art including, hybridization, microarray
analysis, RT-PCR, nuclease protection assays and Northern
blot analysis.

[0086] In certain embodiments, nucleic acids encoding
G-actin and/or TB4 can be detected and/or analyzed by the
methods and compositions of the invention include RNA
molecules such as, for example, expressed RNA molecules
which include messenger RNA (mRNA) molecules, nRNA
spliced variants as well as regulatory RNA, cRNA mol-
ecules (e.g., RNA molecules prepared from ¢cDNA mol-
ecules that are transcribed in vitro) and discriminating
fragments thereof.

[0087] The nucleic acid molecules detected and/or ana-
lyzed by the methods and compositions of the invention may
be naturally occurring nucleic acid molecules such as RNA
molecules, such as mRNA molecules, present in, isolated
from or derived from a biological sample. The sample of
nucleic acids detected and/or analyzed by the methods and
compositions of the invention comprise, e.g., molecules of
RNA, or copolymers of RNA. Generally, these nucleic acids
correspond to particular genes or alleles of genes, or to
particular gone transcripts (e.g., to particular mRNA
sequences expressed in specific cell types. The nucleic acids
detected and/or analyzed by the methods and compositions
of the invention may correspond to different exons of the
same gene, e.g., so that different splice variants of that gene
may be detected and/or analyzed.

[0088] In specific embodiments, the nucleic acids are
prepared in vitro from nucleic acids present in, or isolated or
partially isolated from biological a sample. For example, in
one embodiment, RNA is extracted from a sample (e.g., total
cellular RNA, poly(A)*", messenger RNA, fraction thereof)
and messenger RNA is purified from the total extracted
RNA. Methods for preparing total and poly(A)” RNA are
well known in the art, and are described generally, e.g., in
Sambrook et al., 2001, Molecular Cloning: A Laboratory
Manual 3"% ed. Cold Spring Harbor Laboratory Press (Cold
Spring Harbor, N.Y.), which is incorporated by reference
herein in its entirety. In one embodiment, RNA is extracted
from a biological sample using guanidinium thiocyanate
lysis followed by CsCI centrifugation and an oligo dT
purification. In another embodiment, RNA is extracted from
a sample using guanidinium thiocyanate lysis followed by
purification on RNeasy columns (Qiagen, Valencia, Calif.
USA). In one illustrative embodiment, the target nucleic
acids are cRNA prepared from purified messenger RNA
extracted from a sample. As used herein, cRNA is defined
here as RNA complementary to the source RNA. The
extracted RNAs are amplified using a process in which
doubled-stranded ¢cDNAs are synthesized from the RNAs
using a primer linked to an RNA polymerase promoter in a
direction capable of directing transcription of anti-sense
RNA.

[0089] In one embodiment, to determine the level of
G-actin and/or TB4 in the assays of the invention, the level
of expression of G-actin and/or TB4 can be measured by
amplifying RNA from a sample using reverse transcription
(RT) in combination with the polymerase chain reaction
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(PCR). In accordance with this embodiment, the reverse
transcription may be quantitative or semi-quantitative. Total
RNA, or mRNA from a sample is used as a template and a
primer specific to the transcribed portion of the gene(s) is
used to initiate reverse transcription. Methods of reverse
transcribing RNA into cDNA are well known and described
in Sambrook et al., 2001, supra. Primer design can be
accomplished based on known nucleotide sequences that
have been published or available from any publicly available
sequence database such as GenBank. The product of the
reverse transcription is subsequently used as a template for
PCR. PCR provides a method for rapidly amplifying a
particular nucleic acid sequence by using multiple cycles of
DNA replication catalyzed by a thermostable, DNA-depen-
dent DNA polymerase to amplify the target sequence of
interest. PCR requires the presence of a nucleic acid to be
amplified, two single-stranded oligonucleotide primers
flanking the sequence to be amplified, a DNA polymerase,
deoxyribonucleoside triphosphates, a buffer and salts. The
method of PCR is well known in the art. PCR is performed,
for example, as described in Mullis and Faloona, 1987,
Methods Enzymol. 155:335, which is hereby incorporated
herein by reference in its entirety.

[0090] Quantitative RT-PCR (“QRT-PCR”), which is
quantitative in nature, can also be performed to provide a
quantitative measure of gene expression levels. In QRT-PCR
reverse transcription and PCR can be performed in two
steps, or reverse transcription combined with PCR can be
performed concurrently. One of these techniques, for which
there are commercially available kits such as Taqgman (Per-
kin Elmer, Foster City, Calif. USA.) or as provided by
Applied Biosystems (Foster City, Calif.) is performed with
a transcript-specific antisense probe. This probe is specific
for the PCR product (e.g. a nucleic acid fragment derived
from a gene) and is prepared with a quencher and fluorescent
reporter probe complexed to the 5' end of the oligonucle-
otide. Different fluorescent markers are attached to different
reporters, allowing for measurement of two products in one
reaction. When Taq DNA polymerase is activated, it cleaves
off the fluorescent reporters of the probe bound to the
template by virtue of its 5'-to-3' exonuclease activity. In the
absence of the quenchers, the reporters now fluoresce. The
color change in the reporters is proportional to the amount
of each specific product and is measured by a fluorometer;
therefore, the amount of each color is measured and the PCR
product is quantified. The PCR reactions are performed in
96-well plates so that samples derived from many individu-
als are processed and measured simultaneously. The Tagman
system, has the additional advantage of not requiring gel
electrophoresis and allows for quantification when used with
a standard curve. A second technique useful for detecting
PCR products quantitatively is to use an intercolating dye
such as the commercially available QuantiTect SYBR Green
PCR (Qiagen, Valencia, Calif. USA.). RT-PCR is performed
using SYBR green as a fluorescent label which is incorpo-
rated into the PCR product during the PCR stage and
produces a fluorescence proportional to the amount of PCR
product.

[0091] Both Tagman and QuantiTect SYBR systems can
be used subsequent to reverse transcription of RNA. Reverse
transcription can either be performed in the same reaction
mixture as the PCR step (one-step protocol) or reverse
transcription can be performed first prior to amplification
utilizing PCR (two-step protocol).
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[0092] In some embodiments, other systems to quantita-
tively measure G-actin and/or TB4 mRNA expression prod-
ucts are known including Molecular Beacons which uses a
probe having a fluorescent molecule and a quencher mol-
ecule, the probe capable of forming a hairpin structure such
that when in the hairpin form, the fluorescence molecule is
quenched, and when hybridized the fluorescence increases
giving a quantitative measurement of gene expression. Other
techniques to quantitatively measure RNA expression can
include polymease chain reaction, ligase chain reaction,
Qbeta replicase (see, e.g., International Application No.
PCT/US87/00880, which is hereby incorporated by refer-
ence), isothermal amplification method (see, e.g., Walker et
al., 1992, PNAS 89:382-396, which is hereby incorporated
herein by reference), strand displacement amplification
(SDA), repair chain reaction, Asymmetric Quantitative PCR
and the multiplex microsphere bead assay.

[0093] In some embodiments, the level of expression of
G-actin and/or TB4 can, for example, be measured by
amplifying RNA from a sample using amplification
(NASBA) wherein the nucleic acids may be prepared for
amplification using conventional methods, e.g., phenol/chlo-
roform extraction, heat denaturation, treatment with lysis
buffer and minispin columns for isolation of DNA and RNA
or guanidinium chloride extraction of RNA. These amplifi-
cation techniques involve annealing a primer that has target
specific sequences. Following polymerization, DNA/RNA
hybrids are digested with RNase H while double stranded
DNA molecules are heat denatured again. In either case the
single stranded DNA is made fully double stranded by
addition of second target specific primer, followed by
polymerization. The double-stranded DNA molecules are
then multiply transcribed by a polymerase such as T7 or
SPé. In an isothermal cyclic reaction, the RNA’s are reverse
transcribed into double stranded DNA, and transcribed once
with a polymerase such as T7 or SP6. The resulting prod-
ucts, whether truncated or complete, indicate target G-actin
specific sequences.

[0094] In one illustrative embodiment, quantification and
measurement of G-actin and/or TB4 mRNA can be obtained
by performing nuclease protection assays. Such assays are
described in, for example, Sambrook et al., 2001, supra. In
nuclease protection assays, an antisense probe (labeled with,
e.g., radiolabeled or nonisotopic) hybridizes in solution to an
RNA sample isolated from a subject’s biological sample.
Following hybridization, single-stranded, unhybridized
probe and RNA are degraded by nucleases. An acrylamide
gel is used to separate the remaining protected fragments.
Typically, solution hybridization is more efficient than mem-
brane-based hybridization, and it can accommodate up to
100 pg of sample RNA, compared with the 20-30 pg
maximum of blot hybridizations. The ribonuclease protec-
tion assay, which is the most common type of nuclease
protection assay, requires the use of RNA probes. Oligo-
nucleotides and other single-stranded DNA probes can only
be used in assays containing S1 nuclease. The single-
stranded, antisense probe must typically be completely
homologous to target RNA to prevent cleavage of the
probe:target hybrid by nuclease.

[0095] In another illustrative embodiment, Northern Blot
Assays can be used to identify and quantify G-actin and/or
TB4 RNA. A standard Northern blot assay can be used to
ascertain an RNA transcript size, identify alternatively
spliced RNA transcripts, and the relative amounts of G-actin
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and/or TB4 RNA transcripts described herein (in particular,
mRNA) in a sample, in accordance with conventional
Northern hybridization techniques known to those persons
of ordinary skill in the art. In Northern blots, RNA samples
(e.g. from control, or SIRS subjects or subjects with a
preexisting condition) are first separated by size via elec-
trophoresis in an agarose gel under denaturing conditions.
The RNA is then transferred to a membrane, crosslinked and
hybridized with a labeled probe. Nonisotopic or high spe-
cific activity radiolabeled probes can be used including
random-primed, nick-translated, or PCR-generated DNA
probes, in vitro transcribed RNA probes, and oligonucle-
otides. The probe can be labeled by any of the many different
methods known to those skilled in this art. The labels most
commonly employed for these studies are radioactive ele-
ments, enzymes, chemicals that fluoresce when exposed to
ultraviolet light, and others. A number of fluorescent mate-
rials are known and can be utilized as labels. These include,
but are not limited to, fluorescein, rhodamine, auramine,
Texas Red, AMCA blue and Lucifer Yellow. The radioactive
label can be detected by any of the currently available
counting procedures. Enzyme labels are likewise useful, and
can be detected by any of the presently utilized colorimetric,
spectrophotometric, fluorospectophotometric, amperometric
or gasometric techniques. The enzyme is conjugated to the
selected particle by reaction with bridging molecules such as
carbodiimides, diisocyanates, glutaraldehyde and the like.
Any enzymes known to one of skill in the art can be utilized.
Examples of such enzymes include, but are not limited to,
peroxidase, beta-D-galactosidase, urease, glucose oxidase
plus paeroxidase and alkaline phosphatase.

[0096] Insomeembodiments, RNA extraction, microarray
hybridization, and microarray analysis can be used to deter-
mine the relative quantities of G-actin RNA in control and
subject biological samples. In one illustrative embodiment,
total RNA can be isolated from whole blood samples
obtained from control and a patient’s biological sample
using the PaxGene Blood RNA System (PreAnalytiX, Qia-
gen/Becton Dickinson, Calif.) according the manufacturer’s
specifications. Microarray hybridization can be performed
using any commercially available gene chip system, for
example, the Affymetrix Gene Chip (Affimetrix Cleveland,
Ohio USA).

[0097] Inone illustrative embodiment, analyses of G-actin
and/or TB4 in control or reference and patient samples can
be performed using one patient or control sample per chip.
Image files can be captured using an Affymetrix GeneChip
Scanner 3000. CEL files produced can be subsequently
preprocessed using Robust Multiple-array Average (RMA)
normalization using GeneSpring GX 7.3 software (Agilent
Technologies, Palo Alto, Calif.). All signal intensity-based
data is used after RNA normalization, which specifically
suppresses all but significant variation among lower inten-
sity probe sets. All chips are then normalized to the respec-
tive median values of controls. Differences in G-actin and/or
TB4 mRNA abundance between patient and control samples
are determined using GeneSpring GX 7.3. All statistical
analyses can be corrected for multiple comparisons. The
specific statistical and filtering approaches can be modified
in accordance to their relevance to data interpretation. F-ac-
tin levels derived from the same biological samples as used
to determine the G-actin and/or TB4 expression levels using
the microarray example above, can be determined using
antibodies to F-actin using specific F-actin standard curves.
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Kits

[0098] The present invention further contemplates a kit or
a diagnostic companion device or apparatus to enable the
performance of the present methods described herein. In one
embodiment, a kit can be used to assess the subject and
determine whether the subject will remain in a pre-septic
state, such as a SIRS subject, a subject with an infection or
inflammatory condition that will not progress to sepsis or
septic shock. In one illustrative embodiment, a kit of the
present invention can be used to determine the likelihood of
a patient with a preexisting condition to progress to sepsis
and/or septic shock. Various embodiments of the present
invention, kits utilize reagents that are able to detect and
quantify the presence of G-actin and/or F-actin and/or TB4
in a subject’s biological sample. In some embodiments, the
kit may contain reagents that measure the expression and
quantity of G-actin and F-actin and/or TB4 that enable the
determination of an F-actin/G-actin ratio and/or levels of
TB4 for use with the present methods described herein. As
previously described, expression of F-actin and/or G-actin
and/or TB4 can be performed using proteins, e.g. antibodies
or fragments thereof, or nucleic acids, e.g. quantitative
RT-PCT methods as illustrative examples.

[0099] Insome embodiments, kits of the present invention
may employ an antibody based system to determine F-actin/
G-actin ratios and/or TB4. An antibody may be provided in
akit, which may include instructions for use of the antibody,
e.g. in determining the presence of G-actin and/or F-actin
and/or TB4 in a biological sample. One or more other
reagents may be included, such as labeling molecules, buffer
solutions, elutants and so on. Reagents may be provided
within containers which protect them from the external
environment, such as a sealed vial. The kit may include
antibodies, fragments or derivatives thereof (e.g., Fab, F(ab')
5, v, or scFv fragments) that are specific for F-actin and/or
G-actin and/or TB4 of the present invention. In one embodi-
ment, the antibodies may be detectably labeled.

[0100] In some embodiments, specific alterations in
inflammatory and insulin resistance cytokines (IL-1-alpha,
IL-Ip, IL-2, IL-4, TNF-alpha, TNF-R, IL-6, MCP-1, IL-8,
1L-11, IL-12, and VCAM), and angiogenesis related growth
factors (PI1GF, FGF-2) and a growth factor antagonist (sFlt-
1) can be used as secondary markers of sepsis and septic
shock. In any event, these cytokines, chemokines, and
angiogenesis related growth factors, or antagonists thereof,
can be used to supplement the diagnostic or prognostic
accuracy of the present invention.

[0101] The kits of the present invention may also include
additional compositions, such as buffers, that can be used in
constructing the F-actin/G-actin ratio. Prevention of the
action of microorganisms can be ensured by the inclusion of
various antibacterial and antifungal agents, for example,
paraben, chlorobutanol, phenol sorbic acid, and the like. It
may also be desirable to include isotonic agents such as
sugars, sodium chloride, and the like.

[0102] Some kits of the invention may further comprise a
computer program product for use in conjunction with a
computer system, wherein the computer program product
comprises a computer readable storage medium and a com-
puter program mechanism embedded therein. In such kits,
the computer program mechanism comprises instructions
for evaluating whether a one or more ratios of the levels of
expression of F-actin and G-actin of a test subject at risk for
developing sepsis satisfies a threshold level of a healthy

Oct. 26, 2017

reference sample or a subject with a preexisting condition
sample. Satisfying the first threshold value with respect to
healthy controls predicts that the test subject is likely to
develop sepsis. In some embodiments, if the ratio of F-actin
to G-actin exceeds a threshold of three standard deviations
above the mean F-actin to G-actin ratio in healthy controls,
and if the ratio of F-actin expression and G-actin expression
in the biological sample of the test subject is above the
threshold, then the subject is diagnosed or prognosed as
having sepsis. In another embodiment, the computer pro-
gram mechanism comprises instructions for evaluating
whether one or more ratios of the levels of expression of
F-actin and G-actin of a test subject is at risk for progressing
to septic shock, or is in septic shock satisfies. The computer
program mechanism may use a threshold level of a reference
sample from a subject or plurality of subjects with a preex-
isting condition sample that is different from the reference
value obtained from healthy controls. Satisfying the condi-
tions above the threshold value with respect to reference
sample ratios of F-actin/G-actin from subjects with a pre-
existing condition, predicts that the test subject is likely to
progress to septic shock or is in septic shock. In some
embodiments, if the ratio of F-actin to G-actin in a test
subject biological sample exceeds a threshold of three or six
standard deviations above the mean F-actin to G-actin ratio
in subjects with a preexisting condition, the test subject is
diagnosed or prognosed as likely to progress to septic shock
or is in septic shock respectively.

[0103] Some kits of the present invention comprise a
computer having a central processing unit and a memory
coupled to the central processing unit. The memory stores
instructions for evaluating whether a ratio of F-actin over
G-actin (F-actin/G-actin) of a test subject at risk for devel-
oping sepsis, likely to progress to septic shock or is in septic
shock.

Methods of Treatment of Subjects Suspected of Having
Severe Sepsis or Septic Shock

[0104] The present invention also provides for methods
for treating a subject that presents to a medical provider,
such as a hospital or a medical provider assessing whether
a subject who has a preexisting condition should be treated
with a standard protocol of care for a SIRS patient, or a
patient suspected of having sepsis or should be treated with
an aggressive form of therapy to prevent or ameliorate one
or more symptoms of septic shock.

[0105] In various embodiments, the subject under evalu-
ation, i.e. the test subject, will have a biological sample
obtained and assessed to determine the ratio of F-actin over
G-actin (F-actin/G-actin) and optionally TB4 using the
methods described above. Once the determination of the
F-actin/G-actin ratio and/or TB4 is obtained, the F-actin/G-
actin ratio is compared to a control or reference sample
F-actin/G-actin ratio. The reference or control sample can be
a healthy control reference sample or a preexisting condition
reference or control sample. The test subject’s F-actin and
G-actin ratio is then determined whether it exceeds (i.e. is
higher than) the threshold of three standard deviations above
the mean F-actin to G-actin ratio in healthy control or
reference subjects. If the ratio of F-actin expression and
G-actin expression in the biological sample of the test
subject is above the threshold, then the test subject is
diagnosed or prognosed as having sepsis. This test subject
can be treated using a standard course of care, for example,
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anti-inflammatories, antibiotics and organ support. In some
embodiments, a subject that presents at a medical facility, for
example, a subject with an infection, an inflammatory con-
dition, or SIRS is diagnosed whether the subject has sepsis
or is likely to progress to septic shock by first obtaining a
biological sample. The biological sample is then used to
assess whether the subject has an F-actin/G-actin ratio that
is above a threshold of F-actin/G-actin ratio in healthy
controls, and/or patients with a preexisting condition, for
example, SIRS. In one embodiment, if the subject presents
to the medical facility and is clinically diagnosed with SIRS,
the diagnostic and prognostic methods of the present inven-
tion can be used to determine whether the SIRS subject is
likely to have sepsis, or likely to progress to septic shock. In
the event that the subject is likely to have sepsis but not
confirmed with a positive culture, the subject can be started
with antibiotic therapy, in advance of a positive culture.

[0106] Similarly, the test subject’s F-actin and G-actin
ratio is then determined whether it exceeds (i.e. is higher
than) the threshold of three standard deviations above the
mean F-actin to G-actin ratio of subjects with a preexisting
condition. If the ratio of F-actin expression and G-actin
expression in the biological sample of the test subject is
above the threshold at the time of determining the ratio, then
the test subject is diagnosed or prognosed as likely to
proceed to septic shock. This test subject can be treated
using a hybrid course of care, for example, anti-inflamma-
tories, antibiotics, organ support, plasmapheresis, high dose
ultrafiltration, extracorporeal membrane oxygenation, or
combinations thereof.

[0107] In other embodiments, the test subject’s F-actin
and G-actin ratio is determined whether it exceeds (i.e. is
higher than) the threshold of six standard deviations above
the mean F-actin to G-actin ratio of subjects with a preex-
isting condition. If the ratio of F-actin expression and
G-actin expression in the biological sample of the test
subject is above the threshold at the time of determining the
ratio, then the test subject is diagnosed or prognosed as
having septic shock. This test subject can be treated using an
aggressive course of care, for example, plasmapheresis, high
dose ultrafiltration, extracorporeal membrane oxygenation,
selective cytopheresis, selective antigen removal, continu-
ous renal replacement therapy, or combinations thereof.

[0108] In the present disclosure, the terms “sepsis”,
“severe sepsis” and “septic shock™ are to be understood
according to the definitions established in 1991 by the
American College of Chest Physicians (ACCP) and the
Society of Critical Care Medicine (SCCM) and confirmed in
2001 (Levy et al., 2003). These and other definitions used
herein are summarized below: A “sepsis” is a systemic
inflammation in response to infection. A “severe sepsis” is
defined as a sepsis with at least one organ dysfunction.
Among severe sepsis syndromes, the most severe cases
exhibit two organ failures or even more. Although not very
common, some severe sepsis cases with two organ dysfunc-
tions distinct from acute respiratory failure are observed:
this kind of cases are defined as “severe sepsis with at least
two organ failures”, and are distinct from septic shocks. A
“septic shock™ is defined as a sepsis with acute circulatory
failure. An “acute circulatory failure” is a persistent arterial
hypotension (systolic arterial pressure <90 mm H& a
MAP<60 mmHg or a reduction in systolic blood pressure of
>40 mm Hg from baseline) despite adequate volume resus-
citation, in the absence of other causes for hypotension. A
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“septic shock with at least two organ failures” is a septic
shock with at least one organ failure (e.g., kidney, liver, or
brain) in addition to the acute circulatory failure. In the
present disclosure, patients who are considered are those,
either non-infectious SIRS or infectious SIRS. For these
patients, “day 0” designates the 24-hours period after the
onset of at least one SIRS criteria.

[0109] A first aspect of the present invention is a method
for treating or preventing septic shock in a non-infectious
SIRS subject or an infectious SIRS subject, the method
comprising: (a) obtaining a blood sample from the non-
infectious SIRS subject or an infectious SIRS subject; (b)
determining the amount of F-actin in the non-infectious
SIRS subject or an infectious SIRS subject blood sample; (c)
determining that the non-infectious SIRS subject or the
infectious SIRS subject is in septic shock if the non-
infectious SIRS subject or the infectious SIRS subject’s
F-actin level is about 3 ng/mL or greater, and (d) adminis-
tering an effective treatment to treat or prevent septic shock
in the non-infectious SIRS subject or the infectious SIRS
subject having an F-actin level of about 3 ng/mL or greater.
[0110] According to some embodiments of this method,
the blood sample used in step (a) has been collected at day
0, day 1 or day 2 after the onset of SIRS, or when admitted
for treatment. In another embodiment, the blood sample has
been collected at day O or the same day the symptoms of
SIRS has occurred. The blood sample can be, for example,
selected amongst whole blood, plasma or serum, or combi-
nations thereof preferably plasma.

[0111] The threshold to be considered when performing
the above method is predetermined by measuring the level
of F-actin in a representative cohort of individuals having
undergone a severe sepsis or septic shock, and for whom the
outcome is known. The threshold is calculated to obtain the
best predictability (sensitivity and specificity) for the risk of
developing septic shock or not. For example, when the level
of F-actin is measured in the blood or plasma with a
technology similar to that described herein, a predetermined
threshold of about 3 ng/ml, for example, about 2.9 ng/mL,
or about 3.0 ng/mL, or about 3.1 ng/mL, or about 3.2 ng/m[,
or about 3.3 ng/mL, or about 3.4 ng/mL, or about 3.5 ng/mL
or greater level of F-actin can be considered. On the cohort
used in the example section, the level of F-actin of about 3
ng/mL or higher led to a specificity of prognosis (risk of
developing septic shock) of 100%, considering this thresh-
old. Of course, the skilled artisan is free to re-evaluate this
threshold on a larger cohort of patients, and by using any
kind of technology for measuring the F-actin level in a
subject with either a non-infectious SIRS or an infectious
SIRS status at days 0, 1, or 2 or when admitted to medical
care.

[0112] In a preferred embodiment, the measurement per-
formed in step (i) is done by an immunoassay, for example
with an antibody which specifically binds to F-actin, for
example, human F-actin. Several examples of antibodies
specifically binding to F-actin have been described herein.
The skilled artisan can also use, instead of antibodies
specific for F-actin, any other molecule specifically binding
to F-actin, such as, for example, antibody fragments or
specifically designed aptamers. Aptamers are single stranded
nucleic acid molecules (DNA or RNA) that are selected in
vitro for their ability to bind to a target molecule; this
selection can be performed, for example, by the SELEX
method (Systematic Evolution of Ligands by Exponential
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Enrichment) described in U.S. Pat. No. 5,270,163. In vari-
ous embodiments, F-actin, for example, human F-actin, can
be used by the skilled artisan for obtaining molecules
specifically binding to the protein molecule. In various
embodiments, an immunoassay can be prepared using a
standard curve of F-actin for use in determining unknown
concentrations of F-actin in a test sample.

[0113] In a particular embodiment of the method accord-
ing to the present invention, the immunoassay performed is
an ELISA assay such as ELISA assays described in the
experimental part below. Alternatively, fluorescently labeled
antibodies can be used, for example for performing flow
cytometry, or any other inmunoassays capable of determin-
ing an unknown concentration of F-actin. Of course, the
skilled artisan can choose any other immunoassay for per-
forming a method according to the present invention.
[0114] In some embodiments, wherein administering an
effective treatment to treat or prevent septic shock in the
non-infectious SIRS subject or the infectious SIRS subject,
the method comprises treating the non-infectious SIRS
subject or the infectious SIRS subject with plasmapheresis,
high dose ultrafiltration, extracorporeal membrane oxygen-
ation, selective cytopheresis, selective antigen removal, con-
tinuous renal replacement therapy, or combinations thereof.
In certain embodiments, an infectious or non-infectious
SIRS patient diagnosed with a blood or plasma F-actin value
greater than about 3 ng/ml is diagnosed with a severe
syndrome, for example, severe sepsis or septic shock and
can be treated with one or more of the following interven-
tions:

[0115] a. Administration of broad spectrum antibiotics;

[0116] b. Administration of IV Vancomycin loading
dosage of 15-25 mg/kg and IV Zosyn 4.5 grams IV Q8
hours;

[0117] ¢. Administration of IV Vancomycin loading
dosage of 15-25 mg/kg IV Cefepime 1-2 grams Q8
hours, and IV Flagyl 500 mg QS8 hours;

[0118] d. Administration of Intravenous fluid to main-
tain mean arterial pressure of 65 mm Hg or above, or
fluid resuscitation based on other parameters (example:
inferior vena cava collapsibility);

[0119] e. Administration of 2 liters of 0.9% NaCl,;
[0120] f. Administration of Albumin 25-50 grams;
[0121] g. Administration of Actin Binding Protein;
[0122] h. Administration of Thymosin Beta 4; L. Admin-

istration of Gelsolin;

[0123] j. Administration of vasopressor therapy to
maintain a mean arterial pressure of 65 mm Hg or
above;

[0124] k. Administration of [V Norepinephrine 0.01-3.0
meg/kg/min; . Administration of IV Epinephrine 0.1-
0.8 pg/kg/min;

[0125] m. Administration of Vasopressin 0.03 units/
minute;

[0126] n. Administration of Dopamine 2-50 pg/kg/min;

[0127] o. Administration of ionotropic therapy;

[0128] p. Administration of dobutamine up to 20 micro-

grams/kg/minute if evidence of myocardial dysfunction
or signs of hypoperfusion despite adequate intravascu-
lar volume and adequate mean arterial pressure;

[0129] q. Administration of packed red blood cell trans-
fusion: Consideration of 1-2 U or packed red blood cell
transfusion in a patient with a hemoglobin below 7.0
g/dL;
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[0130] r. Administration of an arterial line for blood
pressure monitoring;

[0131] s. Administration of a central line;

[0132] t. Maintenance of central venous oxygen to an
oxygen saturation 70% or above.

[0133] u. Maintenance of central venous pressure 8-12
mm Hg.
[0134] v. Administration of corticosteroids
[0135] w. Administration of IV hydrocortisone 50-100
mg;
[0136] In various embodiments, treating or preventing

severe sepsis or septic shock in a non-infectious SIRS
subject or an infectious SIRS subject with a blood or plasma
level of F-actin above about 3 ng/mL with any of the above
interventions can also include the addition of therapeutically
effective amounts of Thymosin-beta-4 (TB4) and/or a thera-
peutically effective amount of gelsolin (human plasma iso-
form).

[0137] Insomeembodiments, when a non-infectious SIRS
or infectious SIRS patient is found to have a blood or plasma
level of about 3 ng/mL or greater, the subject is treated by
administering an effective treatment to treat or prevent septic
shock in the non-infectious SIRS subject or the infectious
SIRS subject. In various embodiments, the method com-
prises treating the non-infectious SIRS subject or the infec-
tious SIRS subject with a blood or plasma level of F-actin
above about 3 ng/mL with therapeutically effective amounts
of Thymosin-beta-4 (TB4) and/or a therapeutically effective
amount of gelsolin (human plasma isoform). Each of these
active agents are commercially available, for example,
human recombinant gelsolin is commercially available from
Cytoskeleton Inc., (Denver, Colo., USA). Gelsolin can be
used at therapeutically effective amounts ranging from about
0.1 mg/kg patient weight to about 100 mg/kg patient weight
and all ranges therebetween, preferably from about 1 mg/kg,
or about 3 mg/kg to about 6 mg/kg or about 10 mg/kg and
all ranges therebetween. Human recombinant TB4 is com-
mercially available from Advanced ChemTech, Inc. (Lou-
isville, Ky., USA), at a specific activity of 5 mg/1000 U.
Therapeutically effective amounts of TB4 can range from at
least about 1 ng/mL, usually at least about 10 ng/mL, more
usually at least about 100 ng/ml., and not more than about
10 pg/mL, more usually not more than about 1 pg, and may
be used at a concentration of about 0.1 to 0.5 pg/ml.
[0138] In some embodiments, the skilled artisan can com-
bine several markers for establishing a prognosis in cases of
sepsis or septic shock. Amongst the markers which can be
used in combination with F-actin concentration, G-actin and
TB4 as described above can be used. The present invention
hence also pertains to a method as described above, further
comprising a step of measuring the level of at least one of
G-actin and TB4 in a blood sample from the patient (the
same biological sample as that in which F-actin concentra-
tion is measured, or another biological sample if appropri-
ate), and a step of comparing said level to a predetermined
threshold.

[0139] According to another aspect of the present inven-
tion, the invention also provides a method for performing a
follow-up of a patient that has progressed passed SIRS and
is now exhibiting symptoms of sepsis by measuring the
evolution of the plasma level of F-actin in the patient,
wherein a decrease in the level of F-actin indicates that the
patient is recovering. According to this method, if a patient
had a level of F-actin at DO above the predetermined
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threshold defined above, and if the level remains above the
threshold after day 3, 4, 5, 6, or 7 this indicates that the
patient has a great probability of death.

[0140] Another method according to the present invention
aims at performing a follow-up of a patient in sepsis or in
septic shock, by measuring the evolution of the expression
level of F-actin in the patient, wherein a decrease in the level
of F-actin indicates that the patient is recovering. When
performing this method, the circulating levels of F-actin can
be measured by any F-actin detection assay disclosed herein,
for example, by immunoassays, for example, ELISA.
[0141] In the above-described follow-up methods, the
measures of F-actin are performed on blood samples
obtained from the patient at several time points after admis-
sion, for example each day during the first week and then,
depending on the clinical context, at the same frequency or
at a lower frequency.

[0142] According to yet another aspect, the present inven-
tion pertains to a method for helping decision for treatment
withdrawal for a patient in severe sepsis with at least two
organ failures or in septic shock with at least two organ
failures, comprising the following steps: (i) establishing a
prognosis for the patient, by a method according to the
prognosis of developing septic shock described above; (ii)
measuring the level of F-actin in the subject’s blood sample,
obtained after several days (e.g., 7 to 14 days) of treatment;
wherein if no decrease in the level of F-actin in the subject’s
blood is observed and if the clinical status remains severe,
treatment withdrawal is decided. When performing this
method, the physician will consider that the clinical status
remains severe if the patient still has two organ failures or
more. Treatment withdrawal will in particular be decided if
the F-actin blood level measured in step (1) was above the
above-defined threshold and remains above this threshold
after several days of treatment.

[0143] Since the present invention provides a reliable
prognosis marker for patients in very severe conditions (i.e.,
severe sepsis or septic shock), this prognosis marker can be
used to better select the individuals to be enrolled in clinical
trials for testing new treatments aiming at improving either
the duration of intensive support before the patient leaves
the intensive care unit or the outcome of these pathologies.
[0144] In the first case, the patients who will be enrolled
are those with a good prognosis, in order to avoid noise
related to “desperate” patients. The invention hence also
pertains to a method for determining if a subject in a very
severe condition (i.e. with severe sepsis or septic shock) is
to be enrolled in a clinical trial for evaluating the efficiency
of a pharmaceutical treatment for shortening the need of
intensive support for such patient, wherein said method
comprises a step of establishing a prognosis for the subject
by a method as described above, and wherein the subject is
enrolled if the measured level of F-actin is below the
predetermined threshold.

[0145] In the alternative, patients with a bad prognosis can
be enrolled in trials for evaluating new treatments for
improving outcome of very severe conditions i.e. severe
sepsis and septic shock, so that a drug with potential severe
side-effects will not be given to patients supposed to recover
by “classical” resuscitation, and so that the results be free of
noise related to patients who would have recovered without
this new drug or treatment. Hence, the present invention also
relates to a method for determining if a subject in severe
sepsis or in septic shock is to be enrolled in a clinical trial
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for evaluating the efficiency of a pharmaceutical treatment
for improving outcome for such a patient, comprising a step
of establishing a prognosis for the subject by a method as
above-described, wherein said subject is enrolled if the
measured level of F-actin is above the predetermined thresh-
old.

[0146] As a corollary of the above method, the invention
also pertains to a method for testing the efficiency of a
pharmaceutical treatment for improving outcome of severe
syndromes, comprising the following steps: (i) selecting a
patient in severe sepsis or in septic shock, and determining
the level of F-actin in a blood sample from the patient
obtained before the beginning of said pharmaceutical treat-
ment; (ii) from at least another blood sample from the
patient, obtained after the beginning of the pharmaceutical
treatment, determining the level of F-actin in the patient’s
blood sample; (iii) comparing the obtained values; wherein
a decrease in the blood F-actin level following the beginning
of the pharmaceutical treatment indicates that said treatment
has been beneficial to the patient and is likely to improve
outcome of the severe syndromes. In various embodiments,
the severe syndromes are severe sepsis and septic shock.
[0147] Inan illustrative embodiment of the above-method,
step (i) is performed at day O after the onset of severe sepsis
or septic shock, and the selected patient preferably has a
blood or plasma level of F-actin above a predetermined
threshold of about 3 ng/mL. In this latter case, the treatment
will be considered as beneficial to the patient and most likely
to improve outcome of severe syndromes if the blood or
plasma F-actin level decreases below the threshold of about
3 ng/ml.

[0148] Other characteristics of the invention will also
become apparent in the course of the description which
follows of the biological assays which have been performed
in the framework of the invention and which provide it with
the required experimental support, without limiting its
scope.

EMBODIMENTS

[0149] 1. A method for diagnosing or prognosing sepsis in
a subject comprising the steps:

[0150] (a) providing a biological sample from the subject
suspected of having sepsis or a subject likely to develop
sepsis;

[0151] (b) determining the expression level of G-actin and
F-actin in the biological sample; and

[0152] (c) correlating the ratio of F-actin expression and
G-actin expression (F-actin/G-actin) in the biological
sample to a known standard.

[0153] 2. The method of embodiment 1, wherein the
biological sample comprises a body fluid, a tissue sample, a
cell culture fluid, a cell lysate, or combinations thereof.
[0154] 3. The method of embodiment 2, wherein the body
fluid is selected from the group consisting of: blood, serum,
plasma, urine, lymph, saliva, amniotic fluid, prostatic fluid,
seminal fluid, biopsy fluid, gastrointestinal fluid, vaginal
fluid and combinations thereof.

[0155] 4. The method of embodiment 1, wherein the
prognosing of sepsis comprises prognosis of sepsis, prog-
nosis of sepsis likely to progress to septic shock, and
prognosis of septic shock.

[0156] 5. The method of embodiment 1, wherein the
expression level of G-actin comprises, the amount of G-ac-
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tin protein in the biological sample, the amount of G-actin
mRNA in the biological sample, and combinations thereof.
[0157] 6. The method of embodiment 5, wherein the
G-actin protein comprises at least 85% of the amino acid
sequence of SEQ ID NO: 1

[0158] 7. The method of embodiment 5, wherein the
G-actin mRNA comprises at least 85% of the nucleotide
sequence SEQ ID NO: 2.

[0159] 8. The method of embodiment 1, wherein the
expression level of F-actin comprises, the amount of F-actin
protein in the biological sample, the amount of F-actin
mRNA in the biological sample, and combinations thereof.
[0160] 9. The method of embodiment 5, wherein the
F-actin protein comprises a polymer of G-actin having at
least 85% of the amino acid sequence of SEQ ID NO: 3
[0161] 10. The method of embodiment 5, wherein the
G-actin protein comprises at least 95% of the amino acid
sequence of SEQ ID NO: 4.

[0162] 11. The method according to embodiment 1,
wherein determining the expression level of F-actin and
G-actin in the biclogical sample comprises using an agent
independently selected from the group comsisting of an
antibody that binds to F-actin, an antibody that binds to
G-actin, a F-actin binding partner, a G-actin binding partner,
a nucleic acid that hybridizes to a nucleic acid encoding
F-actin, and a nucleic acid that hybridizes to a nucleic acid
encoding G-actin.

[0163] 12. The method according to embodiment I,
wherein determining the expression level of F-actin and
G-actin in the biological sample comprises determining the
amount of F-actin and G-actin using an immunoassay.
[0164] 13. The method according to embodiment 1,
wherein determining the expression level of F-actin and
G-actin in the biological sample comprises determining the
amount of F-actin and G-actin using a nucleic acid hybrid-
ization assay.

[0165] 14. The method according to embodiment 1,
wherein correlating the ratio of F-actin expression and
G-actin expression in the biological sample to known stan-
dards comprises determining whether the ratio of F-actin to
G-actin exceeds a threshold of three standard deviations
above the mean F-actin to G-actin ratio in healthy controls,
and if the ratio of F-actin expression and G-actin expression
in the biological sample is above said threshold, then the
subject is diagnosed or prognosed as having sepsis.

[0166] 15. The method according to embodiment 1,
wherein correlating the ratio of F-actin expression and
G-actin expression in the biological sample to known stan-
dards comprises determining whether the ratio of F-actin to
G-actin exceeds a threshold of three standard deviations
above the mean F-actin to G-actin ratio in subjects having a
preexisting condition or disorder at the time of said corre-
lating said ratio, and if the ratio of F-actin expression and
G-actin expression in the biological sample is above said
threshold, then the subject is diagnosed or prognosed as
having sepsis likely to proceed to septic shock.

[0167] 16. The method according to embodiment 15,
wherein a subject having a preexisting condition or disorder
at the time of correlating said ratio comprises, a subject
diagnosed with an infection, SIRS, a subject having one or
more symptoms of an inflammatory condition, a subject
diagnosed with an autoimmune disease, a subject having a
surgery performed less than 72 hours, a subject admitted for
medical treatment as a result of a trauma, a subject admitted
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for medical treatment as a result of a burn, a premature
neonatal subject, and a subject diagnosed with a cardiovas-
cular disease.

[0168] 17. The method according to embodiment 1,
wherein correlating the ratio of F-actin expression and
G-actin expression in the biological sample to known stan-
dards comprises determining whether the ratio of F-actin to
G-actin exceeds a threshold of six standard deviations above
the mean F-actin to G-actin ratio in subjects having a
preexisting condition or disorder at the time of said corre-
lating said ratio, and if the ratio of F-actin expression and
G-actin expression in the biological sample is above said
threshold, then the subject is diagnosed or prognosed as
having septic shock.

[0169] 18. A method for classifying a sepsis condition in
a subject for determining an effective course of treatment,
the method comprising:

[0170] (a) providing a biological sample from the subject
suspected of having sepsis or a subject likely to develop
sepsis;

[0171] (b) determining the expression level of F-actin and

G-actin in the biological sample; and

[0172] (c) correlating the ratio of F-actin expression and
G-actin expression in the biological sample to a known
standard.

[0173] 19. The method according to embodiment 18,
wherein if the ratio of F-actin to G-actin in the biological
sample exceeds a threshold of three standard deviations
above the mean F-actin to G-actin ratio in healthy controls,
then the subject is treated with antibiotics, anti-inflamma-
tory, organ support, or combinations thereof.

[0174] 20. The method according to embodiment 18,
wherein if the ratio of F-actin to G-actin in the biological
sample exceeds a threshold of six standard deviations above
the mean F-actin to G-actin ratio in subjects having a
preexisting condition or disorder at the time of said corre-
lating said ratio, then the subject is treated with plasma-
pheresis, high dose ultrafiltration, extracorporeal membrane
oxygenation, selective cytopheresis, selective antigen
removal, continuous renal replacement therapy, or combi-
nations thereof.

EXAMPLES

Example 1. Assays for Determining F-Actin and
G-Actin in Healthy and Septic Shock Subjects

[0175] Introduction

[0176] Thymosin Beta 4 (TB4), a G-actin sequestering
protein, inhibits the polymerization of monomeric G-actin
into its polymeric form F-actin, thus influencing the forma-
tion of actin cytoskeleton and many other cellular functions.
Exogenous TB4 has been shown to reduce lethality and
down-regulate inflammatory mediators in a murine endo-
toxin-induced sepsis model. The inventors investigated the
levels of TB4, G-actin and F-actin in the plasma of humans
with septic shock over the first seven days of their hospi-
talization and compare them to healthy controls.

[0177] Introduction

[0178] Sepsis is the pathologic systemic inflammatory
response to an infection. It is defined clinically as a sus-
pected or known infection in the presence of two or more
systemic inflammatory response syndrome (SIRS) criteria.
SIRS criteria include elevated heart rate, elevated respira-
tory rate, elevated/decreased temperature, and/or elevated/
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decreased white blood count. In some cases, when a patient
remains hypotensive despite two liters of intravenous fluids,
the syndrome is defined as septic shock. The pathogenesis is
thought to be multifactorial and a single trigger causing this
deadly cascade is not known.

[0179] Despite advances in medical technology, the inci-
dence of sepsis in developing countries is rising and
accounts for major morbidity and mortality, associated with
36.9% to 55.9% of all inpatient mortalities. It is a major
economic burden in America resulting in 20.3 billion dollars
in total health care costs in 2013.

[0180] Actin is the most abundant protein in most eukary-
otic cells and participates in numerous protein-protein inter-
actions. Actin influences, cell morphology, muscle contrac-
tion, and cell motility. It is present in two forms: a
monomeric G-actin that can rapidly polymerize into its
filamentous F-actin form. The intracellular pool of mono-
meric G-actin is divided into two groups: the large pool of
sequestered monomeric G-actin, which is complexed to and
regulated by actin binding proteins (ABPs) such as Thy-
mosin Beta-4 (TB4) or Gelsolin, and a smaller pool of free
monomeric actin that is in rapid equilibrium with filamen-
tous actin. To the best of our knowledge, the concentration
of G-actin and F-actin in the serum of healthy humans as
well as patients in septic shock was unknown prior to this
study.

[0181] TB4 is expressed in almost all eukaryotic cells. Its
main intracellular activity is to bind G-actin into a 1:1
complex, rendering G-actin resistant to polymerization into
its filamentous F-actin form. TB4 is important in maintain-
ing a large intracellular volume of monomeric actin that is
readily available for use if needed. TB4 has other activities
such as preventing apoptosis by decreasing cytochrome ¢
release from mitochondria, increasing bel-2 expression, and
decreasing caspase activation. It has currently passed phase
2 trials for severe dry eyes associated with graft versus host
disease, pressure and venous stasis ulcers, and is being
considered for phase 2 trials in peripheral neuropathy and
stroke.

[0182] To the best of the inventors’ knowledge, levels of
actin have never been quantified in sepsis or healthy
patients. The aim of this study was to characterize serum
levels of G-actin, F-actin, and TB4 in patients with septic
shock and compare them with healthy controls, with the goal
of elucidating possible etiologic mechanisms of septic shock
that may lead to novel therapies.

[0183] Methods:

[0184] This study was performed in accordance with the
ethical guidelines of Henry Ford Hospital and the study was
approved by the Institutional Review Board. Written consent
was obtained from healthy controls but was waived for
patients in the septic shock group.

[0185] Serum samples were drawn from 26 patients diag-
nosed with septic shock and analyzed over three time points
during their hospitalization (day zero, day three, and day
seven). Levels of TB4, G-actin, and F-actin were measured
in each serum sample. Seventeen healthy volunteers served
as controls and samples were measured at one time point.
Levels of each molecule were measured using enzyme-
linked immunosorbent assays. A univariate Cox proportional
hazard model was employed to determine the effect of time
on each molecule studied. A Wilcoxon two-group test was
used to study the medians of the septic versus controls
groups.
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[0186] A single whole blood sample was obtained from
each of the 17 healthy controls and collected into an EDTA-
containing tube. Within ten minutes of collection, samples
were centrifuged at 2000 RPM for ten minutes and plasma
was harvested. Specimens were then stored at =80° C. until
analysis.

[0187] Serum samples were stored at -80° C. and used in
enzyme-linked immunosorbent assays (ELISA) to measure
TB4 (Wuxi Donglin Sci&Tech Development Co, Jiangsu,
China), F-actin (MyBiosource, San Diego, Calif.), and G-ac-
tin (MyBiosource, San Diego, Calif.). Samples were assayed
separately for each analyte following the manufacturer’s
instructions. Sample concentrations were derived from plot-
ting ODs of standards to create a standard curve (IB4) or
from a four parameter logistic curve (4-PL) (F-actin and
G-actin), using Graph Pad Prism 4 v 5.04. Values below the
lowest standard were reported as half the value of the lowest
standard control while samples with values greater than the
highest standard were reported as value for the highest
standard control. The reporting ranges for the different
analytes were TB4 (39 ng/mI.-10,000 ng/mL), F-actin (0.31
ng/mL-40 ng/mL), G-actin (0.25 ng/mIL-40 ng/mL). Due to
previous data not published, the G-actin assay for the sepsis
group was diluted 1:4 secondary to elevated levels found in
this group.

[0188] All statistical analysis was performed with SAS
9.4, (SAS Institute Inc., Cary, N.C., USA) by an independent
statistician. Because some values were below the limit of
detection (LOD), the standard practice of using half the
LOD was used (Example: LOD for F-actin-0.625 replaced
by 0.3125). When values were greater than the LOD, their
actual value could theoretically be infinity, thus they
remained at their upper bound (40 pg/mL for G-actin sepsis
group and 10 pg/ml. for G-actin control). When values were
outside of their LOD, they were considered censored.
[0189] A Wilcoxon two-group test was used to study the
medians of the septic shock versus control groups. Results
are reported in median (IQR) with a P value under 0.05
considered statistically significant. A univariate Cox propor-
tional hazard model was employed to determine the effect of
time on each molecule studied.

[0190] Data Analysis

[0191] The aims of this analysis are to 1) compare F actin,
G actin, and F/G actin ratio over three time points (enroll-
ment, 72 hours, and 7 days); 2) compare F and G actin
between cases and controls; and 3) identify the effect of F/G
actin ratio on the risk of death over time. Because many
values were below the limit of detection (LOD), the standard
practice of using half the LOD was used for these values
(LOD-0.625, replacement-0.3125). There were three values
above the LOD, and since their upper bound is theoretically
infinite, they remained at the upper bound (40 pg/mL for
cases’ G actin, 10 pg/mL for controls’ G actin) and were
considered censored. Univariate Cox proportional hazards
models were used to determine the effect of time point on F,
G, and F/G actin, and stratified Cox proportional hazards
models were used to compare F, G, and F/G actin between
cases and controls, and to determine the hazard of death
given F/G ratio. Statistical significance is set at p<0.05. All
analyses were done using SAS 9.4, (SAS Institute Inc., Cary,
N.C., USA).

[0192] Results:

[0193] The median G-actin levels on day zero were sig-
nificantly increased in septic shock patients 24.60 ug/ml.
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(IQR 21.61, 28.67) compared with healthy controls 4.46
pg/mL (IQR 3.62, 5.25), p<0.001. F-actin levels were also
elevated in patients with septic shock 3.5 ng/mL (IQR 1.17,
7.12) versus controls (all values below lowest detection
range of assay 0.62 ng/ml), p<0.001. TB4 levels were
undetectable below the lowest detection range of the assay
(<78 ng/mL) at all three time points in the septic shock
group and medians were statistically lower than the median
levels of TB4 in healthy controls, 121 ng/mL (IQR 39.0,
246.79), p<0.001. No statistical differences were observed
when comparing G- and F-actin over time in those with
septic shock, p>0.05.

[0194] Table 1 gives the descriptive statistics for all vari-
ables among cases. IQR is the difference between the first
and third quartile.

TABLE 1

Descriptive statistics of cases (N = 26)

Median (Min, Max) or

Variable N (%) IQR (257, 75™)

F actin ENR 3.49 (0.31, 28.65) 541 (1.17,7.12)
Factin 72 h 419 (031, 23.68) 3.08 (2.41, 5.49)

F actin 7 d 2.56 (0.31, 20.01) 3.33 (0.87, 4.20)

F control 031 (0.31,0.31) 0 (0.31,0.31)
G actin ENR 24.60 (14.22, 40.0) 7.06 (21.61, 28.67)
G actin 72 h 24.48 (14.55, 40.0) 7.04 (20.59, 27.63)
G actin 7 d 25.12 (15.93, 36.61) 12.00 (20.48, 32.57)
G control 446 (270, 10.0) 1.63 (3.62, 5.25)
F/G actin ENR 15.56 (1.21, 99.93) 16.5 (7.47, 24.0)
F/G actin 72 h 15.24 (127, 59.20)

F/G actin 7 d 9.45 (0.88, 61.52)

F/G actin control 7.0 (3.13, 11.58) 2.80 (5.85, 8.74)
TB4 ENR 39 (39, 39)

TB4 Control 121.0 (39.0,392.22)  207.79 (39.0, 246.79)
[0195] Table 2 gives the results of three separate univari-

ate Cox proportional-hazards models that examine the effect
of time on F, G, and F/G. There are no statistically signifi-
cant changes between 0, 72, and 168 hours.

TABLE 2

F, G, and F/G over time (cases only)

Independent
variable HR (95% CI) P-Value
F Actin 1.021 (0.981, 1.062) 03047
G Actin 0.984 (0.948, 1.020) 03731
F/G Ratio 1.006 (0.994, 1.018) 03391
[0196] Table 3 gives the results of three separate univari-

ate Cox proportional-hazards models that compare F, G, and
F/G between cases and controls. There are no statistically
significant differences.

TABLE 3

F, G, and F/G case versus control

Independent

variable HR (95% CI) P-Value
F Actin 1.021 (0.981, 1.062) 0.3047
G Actin 0.984 (0.949, 1.020) 0.7817
F/G Ratio 1.006 (0.994, 1.018) 0.9138
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[0197] Table 4 gives the results of the univariate Cox
proportional-hazards model examining the effect of F/G
ratio, F clearance, F, G, and F/G ratio on the hazard of death
(as a function of time). There is not a statistically significant
effect of any of the measurements on the hazard of death.

TABLE 4

F/G over time, alive vs. dead

Independent

variable HR (95% CI) P-Value
F/G Ratio 1.008 (0.989, 1.027) 0.6551
F Clearance 1.001 (0.997, 1.004) 0.7517
F (Enr) 1.018 (0.935, 1.108) 0.6808
G (Enr) 1.038 (0.982, 1.098) 0.1867
F/G Ratio (Enr) 0.999 (0.972, 1.026) 09418

[0198] Table 5 compares enrollment F actin to control F
actin, and enrolment G actin to control G actin. It gives the
median, minimum, and maximum values. Using a Wilcoxon
two-group test means that the censoring cannot be taken into
account, and so the values above the LOD remain at the
LOD (40 and 10). All values of F actin for the controls and
TB4 for the cases are below the LOD, so there is no
variability to model and these results should be considered
unreliable.

TABLE 5

Wilcoxon two-group tests

Controls Cases (ENR) P-Value
F actin 031 (0.31, 031) 3.49 (031, 28.65)  <0.001
G actin 446 (2.70, 10.0) 24,60 (14.22, 40.0)  <0.001
F/G actin 7.0 15.56 0.0065
TB4 121.0 (39.0, 392.22) 39 (39, 39) <0.001
[0199] Results:
[0200] 26 septic patients with plasma samples available

for this study were randomly selected from insert name of
previous study/database. The mean age was 63 years of age
and 69% were men. The average APACHEII score on patient
arrival was 19.9 and overall hospital mortality rate was 38%.
The average hospital length of stay was 34 days and average
intensive care unit length of stay was 28 days. The 17
healthy controls consisted of a convenience sample of
hospital employees who did not self-report illness during
sample acquisition. Average age was 32 years of age and
47% were male. Descriptive statistics of G-actin, F-actin,
and TB4 are presented in Table 1. Table 2 displays the results
of the Wilcoxon two-group tests comparing levels of mol-
ecule in the septic shock group at day zero versus controls.
Table 3 compares the levels of G-actin and F-actin in the
septic shock group, and compares them over day zero, three,
and seven.

[0201] G-Actin:

[0202] All serum samples in both the sepsis and control
groups contained G-actin. The median level of the sepsis
group at enrollment was 24.6 pg/ml, (21.16, 28.67) which
was greater than the healthy control group 4.46 ug/mlL (3.62,
5.25), p<0.001. The medians of G-actin did not vary with
time; TO 24.6 (21.16, 28.67) pg/ml, TD3 24.48 (20.59,
27.63) g/mL, and TD7 25.12 (20.48, 32.57) g/mL, p=0.37.
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[0203] F-Actin:

[0204] The median concentrations of F-actin over time in
the sepsis group did not vary over time; T0 3.49 (1.17,7.12)
ng/mL, TD3 4.19 (2.41, 5.49) ng/mL, and TD7 2.56 (0.87,
4.20) ng/ml, p=0.30. None of the 17 healthy control
samples contained F-actin (lowest detection of ELISA Assay
0.625 ng/mL).

[0205] Thymosin Beta-4:

[0206] The median concentration for the healthy control
group was 121 ng/mL (39.0, 246.79). No serum samples in
the septic group contained detectable TB4 levels (lowest
detection of ELISA Assay was 78 ng/mL). The levels
between each group were statistically different (p<0.001).
[0207] Conclusions:

[0208] Septic shock is associated with increased levels of
G-actin and F-actin as well as decreased levels of TB4 when
compared to healthy controls. G-actin, but not F-actin, is
present in healthy controls suggesting that serum F-actin
may play a significant pathophysiologic role in septic shock,
perhaps involved in the causative pathway of microcircula-
tory dysfunction. TB4 is likely decreased in patients with
septic shock due to a consumptive process when it binds free
G-actin in the serum, allowing for uncontrolled polymeriza-
tion of F-actin.

[0209] This study is the first to quantify levels of G-actin
and F-actin and correlate ratios of F-actin and G-actin in the
assessment and prognosis in patients with septic shock. The
data proposes that the levels of both molecules are signifi-
cantly greater than those of healthy controls. The data also
reveals that F-actin does not circulate in the serum of healthy
controls (or at least is less than the lowest detection of the
ELISA Assay of 0.625 ng/mL). This study is believed to be
the first to quantify the levels of G-actin circulating in a
normal population. Without being bound to any particular
theory, the inventors hypothesize that in healthy patients,
TB4 sequesters roaming G-actin in the serum, disfavoring
the polymerization of F-actin and along with other Actin
Binding Proteins (ABPs), eliminate F-actin from forming.
The inventors postulate that the polymerized form of actin
(F-actin) is deleterious to survival and partially responsible
for the derangements seen in septic shock.

[0210] The data shows that TB4 is decreased in patients
with septic shock. This is consistent with previous studies.
When healthy controls were given a non-lethal dosage of the
endotoxin lipopolysaccharide (LPS), levels of TB4 rapidly
declined in the serum. Additionally, mice that were treated
with TB4 and then exposed to an LDy, dosage of LPS lived
longer and had decreased levels of pro-inflammatory cytok-
ines versus those who were not treated with TB4.

[0211] Overall, the excessive levels of F-actin in the serum
of patients with sepsis and septic shock appear to be del-
eterious to survival. The data presented herein supports the
development of clinical trials on the use of TB4 and other
select ABPs as potential therapy for patients in septic shock.
In addition, F-actin and G-actin, and ratios thereof, are
potential novel biomarkers for sepsis, severe sepsis, septic
shock and prognosis of septic shock.

[0212] The healthy controls consisted of a convenience
sample of hospital employees and were not aged matched.
They likely did not have equivalent co-morbidities as the
sepsis group. Additionally, this was a retrospective study and
samples were randomly picked from a database. The power
of this study was very low between septic shock patients
who lived and died (16 versus 10 respectively). This may
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explain the lack of differences between the levels of G-actin
and F-actin amongst those patients who lived versus those
who died. Experiments performed only enrolled patients
who survived at least seven days in order to observe the
trend over time. Tt is possible that the values of both forms
of actin would have been greater earlier had we included
patients who died before seven days. Finally, the study was
limited in comparing TB4 over time as all values in our
septic group were below the LOD.

Example 2. Determining F-Actin and G-Act in n
Healthy, Cardiac Surgery (No-Infections SIRS) and
Septic Shock Subjects

[0213] Methods:

[0214] This study was performed in accordance with the
ethical guidelines of Henry Ford Hospital and the study was
approved by the Institutional Review Board (IRB #8485).
Informed consent was obtained from healthy controls and
the non-infectious SIRS group but was waived for those
patients in septic shock. Plasma samples for the septic shock
group were randomly selected from a previous cohort of
stored samples. These patients were enrolled after they were
identified as vasopressor dependent shock despite adequate
fluid resuscitation and blood was collected at days 0, 3 and
7. Healthy controls consisted of a convenience sample of
hospital employees who did not self-report illness during
sample acquisition. The non-infectious SIRS group con-
sisted of patients after they underwent a coronary artery
bypass graft (CABG). Whole blood samples were obtained
from each subject and collected into an EDTA-containing
tube. Within sixty minutes of collection, samples were
centrifuged at 2000 RPM for ten minutes and plasma was
harvested. Specimens were then stored at -80° C. until
analysis. Enzyme-linked immunosorbent assays (ELISA)
were used to measure TB4 (Wuxi Donglin Sci&Tech Devel-
opment Co, Jiangsu, China), F-actin (MyBiosource, San
Diego, Calif.), and G-actin (MyBiosource). Samples were
assayed separately for each analyte following the manufac-
turer’s instructions. Sample concentrations were derived
from plotting ODs of standards to create a standard curve
(TB4) or from a four parameter logistic curve (4-PL) (F-ac-
tin and G-actin), using Graph Pad Prism 6 (GraphPad
Software La Jolla, Cam USA). The reporting ranges for the
different analytes were TB4 (78 ng/mL.-10,000 ng/mL),
F-actin (0.62 ng/m[.-40 ng/mL), and G-actin (0.25 ng/mL-
10 ng/mL). Due to previous data not published, the G-actin
assay for the septic shock group was diluted 1:4 and the
assay for the CABG patients was diluted 1:8 secondary to
elevated levels compared to the assay range. All analytes
were measured in duplicate. A Wilcoxon two-group test was
used when comparing two medians against each other and a
Kruskal-Wallis one-way analysis of variance by ranks was
employed when comparing three groups together using SAS
9.4 (SAS Institute Inc., Cary, N.C., USA).

[0215] Results are reported in median (IQR) with a P value
under 0.05 considered statistically significant. When an
analyte fell below the lowest concentration of the assay, the
value is reported as half of the lowest concentration (per
industry standard). Those values exceeding the highest con-
centration of the assay were reported as the assays maximum
value (per industry standard). Receiving Operator Charac-
teristic (ROC) curves were created using GraphPad Prism. A
univariate Cox proportional hazard model was employed to
determine the effect of time on each analyte studied.
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[0216] Results:
[0217] Patient characteristics of the septic shock, CABG,
and healthy control groups are presented in Table 6.

TABLE 6

Characteristics of septic shock. CABG, and healthy control groups.

Healthy
Septic Shock ~ CABG Controls
(N =26) (N =10) N=17)

Age - yr 627161 646+58 32372
Male Sex - no. (%) 18 (69) 8 (80) 8 (47)
APACHE 2 Score enrf 19.9 £ 9.8 7.7 18 NA
Hospital Length of Stay - days 34.5 £ 24.9 14351 NA
ICU Length of Stay - days 282+270 44=x12 NA
Hospital Mortality - no. (%) 10 (38) 0 (0) NA

Plus-minus values are means + SD.

Ylinformation on APACHE 2 score on enrollment was missing for one patient in the septic
shock group.

yr = years,

no = number,

enr = enrollment,

NA = not applicable.

[0218] Septic Shock: Twenty-six patients were enrolled in
the vasopressor dependent septic shock group. The mean age
was 62.7 years and 69% were men. The mean APACHE I1
score on patient time of vasopressor dependent septic shock
was 19.9 and the overall hospital mortality rate was 38%.
The mean hospital length of stay was 34.5 days and average
intensive care unit length of stay was 28.2 days. Most
patients (25/26) were enrolled in the surgical intensive care
unit and one patient was enrolled in the medical intensive
care unit. The most common site of infection was the
abdomen, followed by lung and soft tissues with two
patients having more than one site of infection. Various
cultures were available resulting in culture positivity in
23/26 (88.5%) patients (Table 7).

TABLE 7

Characteristics of septic shock at enrollment.

Culture positive any site 23/26 (88.5%)
Blood positive culture 5/25 (20.0%)
Urine culture positive 6/22 (27.3%)
BAL culture positive 15/20 (75.0%)
Fungal blood culture positive 0/17 (0.0%)

MRSA nasal swab positive 2/24 (8.3%)

Wound culture positive 11/15 (73.3%)
C. diff stool positive 7/17 (41.2%)

Site of Infection

Abdomen 18
Pulmonary 7

Soft Tissue 4
Urogenital 0
Respiratory

No ARDS 9/26 (34.6%)
Signs of ARDS 17/26 (65.4%)
Mild ARDS PaO,/FiO, 201-300 8/17 (47.0%)
Moderate ARDS PaO,/FiO, 101-200 9/17 (52.9%)
Severe ARDS PaO,/FiO, <100 0/17 (0.0%)
Liver

Bilirubin <1.2 mg/dL (No ALF) 3/10 (30.0%)
Bilirubin =1.2 mg/dL (ALF) 7/10 (70.0%)
Albumin <3.4 mg/dL. (No ALF) 0/10 (0.0%)
Albumin <2.5 mg/dL (ALF) 3/10 (30.0%)
Albumin <2.0 mg/dL (ALF) 7/10 (70.0%)
INR >1.5 (ALF) 10/19 (52.6%)
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TABLE 7-continued

Characteristics of septic shock at enrollment.

Kidney

Acute kidney injury 11/21 (52.4%)
No acute kidney mjury 10/21 (47.6%)
Chronic dialysis 3
Urine output not recorded 2

BAL = Bronchoealveolar lavage,

MRSA = Methicillin-resistant Staphylococcus aureus,
C. diff = Clostridium diffiicile,

ARDS = Acute Respiratory Distress Syndrome,

ALF = Acute Liver Failure,

INR = International Normalized Ratio.

Some patients had multiple sites of infection.

[0219] Acute kidney injury was defined by urine output of
less than 0.5 ml/kg of body weight within 6 hours of onset
of shock and was present in 11/21 (52.4%) patients (data not
available on 2 patients, 3 patients on chronic dialysis). Acute
respiratory distress syndrome with PaO.,/Fi0O, levels below
300 at the time of enrollment was present in 17/26 (65.4%).
Acute liver failure with bilirubin elevations of greater than
or equal to 1.2 mg/dL was present in 7/10 (70%) at the time
of enrollment. International normalized ratio levels were
greater than 1.5 in 10/19 (52.6%) patient at time of enrol-
ment. Albumin levels are known to be diminished in patients
in the critical care setting. Patients following fluid resusci-
tation also may have temporarily decreased levels of albu-
min not necessarily representing acute liver injury. Ten out
often (100%) patients had albumin levels below 2.5 at the
time of enrollment.

[0220] CABG: A total of ten patients were enrolled in the
non-infectious SIRS group. The average age was 64.6 years,
80% were male, and the average APACHE II score was 7.7.
None of the CABG patients died during their hospital stay.
The median time from completion of the CABG surgery to
blood sample collection was 28 hours. Eight out of the ten
CABG patients had two or more SIRS critetia present at
time of blood collection and all ten had at least one SIRS
criteria. One out of ten patients were off pump for their
procedure whereas nine patients required cardiopulmonary
bypass for an average of 139 minutes.

[0221] Healthy Controls: Seventeen healthy individual
blood samples were obtained for the healthy control group.
Mean age was 32.3 years and 47% were male.

[0222] F-Actin: For graphical description please refer to
FIG. 1. 22/26 (84.6%) patients in the septic shock group (at
time of enrollment) and 5/10 (50%) patients in the CABG
group had detectable plasma levels of F-actin above the
lowest detection of the ELISA Assay (0.62 ng/mL). No
healthy control patients had detectable levels of F-actin
above the minimum detection range of the assay. The
median concentration of F-actin in the septic shock group
was 3.49 ng/ml. (1.62, 7.18) and in the CABG group was
0.51 (0.31, 2.13). The ROC curve for F-actin, septic shock
at time of enrollment versus CABG is displayed in FIG. 3.
The area under the curve (AUC) is 0.812 (95% CI 0.67-0.
95). At a cut off value of 3.02 ng/mL the sensitivity is 57.7%
(95% CI 36.92-76.65) and specificity is 100% (95% CI
69.15-100). The median concentrations of F-actin over time
in the septic shock group did not vary; day zero 3.49 ng/mL
(117, 7.12), day three 4.19 ng/mL (2.41, 5.49), and day
seven 2.56 ng/mL (0.87, 4.20), p=0.30.
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[0223] G-Actin: For graphical description please refer to
FIG. 2. All samples in each group contained measurable
G-actin levels in plasma. The median level of G-actin in the
non-infectious SIRS group was 214.4 pug/ml (167.7, 241.
31), in the septic shock group was 24.6 pg/ml. (21.61, 28.67)
and in the healthy control group was 4.46 pg/ml (3.62,
5.25), p<0.0001. The ROC curve for G-actin, septic shock at
time of enrollment versus CABG at time of enrollment is
displayed in FIG. 3. The AUC is 1.0 (95% CI 1.0-1.0). At a
cut off value of 97.49 pg/mL the sensitivity is 100% (95%
CI 86.77-100) and specificity is 100% (95% CI 69.15-
100%). The median levels of G-actin did not vary with time
amongst the septic shock group; day zero 24.6 pg/mL
(21.61, 28.67), day three 24.48 pg/ml. (20.59, 27.63), and
day seven 25.12 pg/ml (20.48, 32.57), p=0.37.

[0224] Thymosin Beta-4: None of the samples in the
septic shock and non-infectious SIRS contained detectable
TB4 levels (lowest detection of ELISA Assay was 78
ng/ml) while 12/17 of the healthy control group detected a
signal with our ELISA Assay. The median concentration for
the healthy control group was 121 ng/mL (39.0, 246.79).
The levels between all three groups were statistically dif-
ferent (p<0.0001). The ROC curve for TB4, septic shock
versus healthy control at time of enrollment had a specificity
of 71% and sensitivity of 100% at a cutoff value of 68.9
ng/mL. The AUC was 0.85 (95% CI1 0.72-0.99). None of the
values on day three or seven in the septic shock group
contained values within our assay range. The F/G Actin
Ratio: The median F/G actin ratio in the healthy control
group was 0.0015 (0.0007, 0.0026) versus in the septic
shock group was 0.007 (0.00058, 0.00087), p<0.05.

[0225] Discussion

[0226] The polymerization of the monomeric G-actin into
its filamentous F-actin is tightly regulated by ABPs such as
TB4. Our investigational study is the first believed to
quantify the plasma levels of G-actin and F-actin in humans.
The experimental data provides that both G-actin and F-ac-
tin were significantly elevated in patients with septic shock
when compared to healthy controls likely secondary to actin
release during sepsis-associated cellular death. This is con-
sistent with a previous qualitative study showing circulating
actin in sepsis (Lee 2008). Our results differ from Lee et al
in that their study found no detectable levels of actin in
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healthy controls but our results show detectable levels of
G-actin. It is possible that the anti-actin antibodies used in
the 2008 study were not sensitive to the globular form of
actin and thus concluded that actin was not present in normal
controls. Besides being a marker of disease, it is possible
that F-actin may play a role in microcirculatory dysfunction
in septic shock by creating long filamentous chains disturb-
ing microcirculatory flow. A study in which rats were
exposed to increasing amounts of globular actin intrave-
nously resulted in filament formation, microthrombi, and
endothelial injury, all present in sepsis. These changes were
not observed when actin was preincubated with an actin
binding protein (Haddad 1990). In addition, exogenous
infusion of actin binding proteins that regulate the conver-
sion of G- to F-actin have decreased mortality in two septic
animal models (Badamchian 2003, Lee 2007). Perhaps, the
inflammatory insult occurring during a CABG does not
overwhelm ABP’s ability to neutralize the conversion of
G-actin to F-actin resulting in a greater ratio of F:G-actin in
patients with septic shock.

[0227] Levels of TB4 were also studied, and the experi-
mental data found no detectable levels above the lowest
detection range in the assays used in the septic shock or
non-infectious SIRS group. However, many of the healthy
controls had levels above the lowest detection range. The
experimental findings are consistent with previous work by
Badamchian et al in which a non-lethal dosage of the
endotoxin lipopolysaccharide (LPS) was injected into
healthy controls resulting in a rapid decline in levels of TB4.
Additionally, pretreatment of TB4 in rats exposed to an
LDs, dosage of LPS lived longer and had decreased levels
of pro-inflammatory cytokines versus those who were not
treated with TB4 (Badamchian 2003). It is possible that the
release of actin into circulation results in consumption of
TB4 as it binds free actin.

[0228] Conclusions: Septic shock is associated with sig-
nificantly elevated levels of G-actin and F-actin as well as
decreased levels of TB4 as compared to healthy controls.
The levels of F-actin were greatest in patients with septic
shock as compared to non-infectious SIRS and healthy
controls with an AUC of 0.812 (septic shock versus non-
infectious SIRS) suggesting a role as a biomarker in the
diagnosis and treatment of septic shock.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 5

<210> SEQ ID NO 1

<211> LENGTH: 375

<212> TYPE: PRT

<213> ORGANISM: Home sapiens

<400> SEQUENCE: 1

Met Asp Asp Asp Ile Ala Ala Leu Val Val Asp Asn Gly Ser Gly Met

1 5 10

15

Cys Lys Ala Gly Phe Ala Gly Asp Asp Ala Pro Arg Ala Val Phe Pro

20 25

30

Ser Ile Val Gly Arg Pro Arg His Gln Gly Val Met Val Gly Met Gly

35 40 45

Gln Lys Asp Ser Tyr Val Gly Asp Glu Ala Gln Ser Lys Arg Gly Ile

50 55 60



US 2017/0307609 A1l Oct. 26, 2017
22

-continued

Leu Thr Leu Lys Tyr Pro Ile Glu His Gly Ile Val Thr Asn Trp 2sp
65 70 75 80

Asp Met Glu Lys Ile Trp His His Thr Phe Tyr Asn Glu Leu Arg Val
85 90 95

Ala Pro Glu Glu His Pro Val Leu Leu Thr Glu Ala Pro Leu Asn Pro
100 105 110

Lys Ala Asn Arg Glu Lys Met Thr Gln Ile Met Phe Glu Thr Phe Asn
115 120 125

Thr Pro Ala Met Tyr Val Ala Ile Gln Ala Val Leu Ser Leu Tyr Ala
130 135 140

Ser Gly Arg Thr Thr Gly Ile Val Met Asp Ser Gly Asp Gly Val Thr
145 150 155 160

His Thr Val Pro Ile Tyr Glu Gly Tyr Ala Leu Pro His Ala Ile Leu
165 170 175

Arg Leu Asp Leu Ala Gly Arg Asp Leu Thr Asp Tyr Leu Met Lys Ile
180 185 190

Leu Thr Glu Arg Gly Tyr Ser Phe Thr Thr Thr Ala Glu Arg Glu Ile
195 200 205

Val Arg Asp Ile Lys Glu Lys Leu Cys Tyr Val Ala Leu Asp Phe Glu
210 215 220

Gln Glu Met Ala Thr Ala Ala Ser Ser Ser Ser Leu Glu Lys Ser Tyr
225 230 235 240

Glu Leu Pro Asp Gly Gln Val Ile Thr Ile Gly Asn Glu Arg Phe Arg
245 250 255

Cys Pro Glu Ala Leu Phe Gln Pro Ser Phe Leu Gly Met Glu Ser Cys
260 265 270

Gly Ile His Glu Thr Thr Phe Asn Ser Ile Met Lys Cys Asp Val Asp
275 280 285

Ile Arg Lys Asp Leu Tyr Ala Asn Thr Val Leu Ser Gly Gly Thr Thr
290 295 300

Met Tyr Pro Gly Ile Ala Asp Arg Met Gln Lys Glu Ile Thr Ala Leu
305 310 315 320

Ala Pro Ser Thr Met Lys Ile Lys Ile Ile Ala Pro Pro Glu Arg Lys
325 330 335

Tyr Ser Val Trp Ile Gly Gly Ser Ile Leu Ala Ser Leu Ser Thr Phe
340 345 350

Gln Gln Met Trp Ile Ser Lys Gln Glu Tyr Asp Glu Ser Gly Pro Ser
355 360 365

Ile Val His Arg Lys Cys Phe
370 375

<210> SEQ ID NO 2

<211> LENGTH: 1852

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

accgeccgaga ccgegtecge cccgegagca cagagcecteg cctttgecga tecegeegecce 60
gtccacacce gocgecaget caccatggat gatgatatcg ccgegetegt cgtcgacaac 120

ggctcoggea tgtgcaagge cggottegeg ggegacgatyg ccecceggge cgtcettecce 180

tccatogtgy ggegecccay gcaccaggge gtgatggtgg geatgggtea gaaggattec 240
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-continued
tatgtgggcy acgaggccca gagcaagaga ggcatcctca ccctgaagta ccccatcgag 300
cacggcatcg tcaccaactyg ggacgacatg gagaaaatct ggcaccacac cttctacaat 360

gagctgegty tggctcecga ggageaccee gtgctgetga ccgaggecce cctgaaccce 420

aaggccaace gcgagaagat gacccagatc atgtttgaga ccttcaacac cccagcecaty 480
tacgttgeta tccaggcetgt getatcectyg tacgecteotyg gcocegtaccac tggcategty 540
atggacteey gtgacggggt cacccacact gtgcccatct acgaggggta tgcccteccc 600
catgccatcece tgegtetgga cctggetgge cgggacctga ctgactacct catgaagate 660
ctcaccgage goggctacay cttcaccace acggecgage gggaaatcgt gegtgacatt 720

aaggagaagc tgtgctacgt cgecctggac ttegagcaag agatggecac ggetgettec 780
agetecteee tggagaagag ctacgagetg cctgacggece aggtcatcac cattggcaat 840
gageggttce gcetgecctga ggcactette cagectteoct tectgggcat ggagtectgt 900
ggcatccacg aaactacctt caactccatce atgaagtgtyg acgtggacat ccgcaaagac 960
ctgtacgcca acacagtgcet gtetggegge accaccatgt accctggcat tgccgacagyg 1020
atgcagaagyg agatcactgc cctggcacce agcacaatga agatcaagat cattgctcect 1080
cctgagegcea agtactecgt gtggatcgge ggctcecatcee tggecteget gtocacctte 1140
cagcagatgt ggatcagcaa gcaggagtat gacgagtceg geceectecat cgtecacege 1200
aaatgcttct aggcggacta tgacttagtt gcgttacacce ctttettgac aaaacctaac 1260
ttgcgcagaa aacaagatga gattggcatg getttatttg ttttttttgt tttgttttgy 1320
tttttttttt ttttttggect tgactcagga tttaaaaact ggaacggtga aggtgacagc 1380
agtcggttgg agcgagcatc ccccaaagtt cacaatgtgg ccgaggactt tgattgcaca 1440
ttgttgtttt tttaatagtc attccaaata tgagatgcgt tgttacagga agtcccttgce 1500
catcctaaaa gccaccccac ttctctctaa ggagaatgge ccagtcctct cccaagtcca 1560
cacaggggag gtgatagcat tgctttcgtg taaattatgt aatgcaaaat ttttttaatc 1620
ttcgecttaa tactttttta ttttgtttta ttttgaatga tgagectteg tgccccccect 1680
tcececectttt ttgtecccca acttgagatg tatgaagget tttggtcectce ctgggagtgg 1740
gtggaggcag ccagggctta cctgtacact gacttgagac cagttgaata aaagtgcaca 1800
ccttaaaaat gaaaaaaaaa azaaaaaaaa aaaaaaaaaa aaaaaaaaaa aa 1852
<210> SEQ ID NO 3

<211> LENGTH: 44

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Met Ser Asp Lys Pro Asp Met Ala Glu Ile Glu Lys Phe Asp Lys Ser
1 5 10 15

Lys Leu Lys Lys Thr Glu Thr Gln Glu Lys Asn Pro Leu Pro Ser Lys
20 25 30

Glu Thr Ile Glu Gln Glu Lys Gln Ala Gly Glu Ser
35 40

<210> SEQ ID NO 4
«<211> LENGTH: 657
«212> TYPE: DNA
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-continued
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 4
gacaactcgg tggtggcecac tgcgcagacc agacttcgct cgtactegtg cgectegett 60
cgcttttect ccgcaaccat gtctgacaaa cccgatatgg ctgagatcga gaaattcgat 120
aagtcgaaac tgaagaagac agagacgcaa gagaaaaatc cactgccttc caaagaaacyg 180
attgaacagg agaagcaagc aggcgaatcg taatgaggcyg tgcgecgcca atatgcactg 240
tacattccac aagcattgcec ttcttatttt acttctttta gctgtttaac tttgtaagat 300
gcaaagaggt tggatcaagt ttaaatgact gtgctgccce tttcacatca aagaactact 360
gacaacgaag gccgcgectg ccttteccat ctgtetatct atctggetgyg cagggaagga 420
aagaacttgc atgttggtga aggaagaagt ggggtggaag aagtggggtg ggacgacagt 480
gaaatctaga gtaaaaccaa gctggcccaa ggtgtcecctge aggctgtaat gcagtttaat 540
cagagtgcca tttttttttt tgttcaaatg attttaatta ttggaatgca caattttttt 600
aatatgcaaa taaaaagttt aaaaacttaa aaaaaaaaaa aaaaaaaaaa aaaaaaa 657

<210> SEQ ID NO 5

<21l> LENGTH: 44

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

Met Ser Asp Lys Pro Asp Met Ala Glu Ile Glu Lys Phe Asp Lys Ser

1 5 10

Lys Leu Lys Lys Thr Glu Thr Gln Glu Lys Asn Pro Leu Pro

20 25

Glu Thr Ile Glu Gln Glu Lys Gln Ala Gly Glu Ser
35 40

15

Ser Lys

What is claimed is:

1. A method for treating or preventing septic shock in a
non-infectious or infectious SIRS subject, the method com-
prising:

(a) obtaining a blood sample from the non-infectious

SIRS subject or the infectious SIRS subject;

(b) determining the amount of F-actin in the non-infec-
tious SIRS subject or the infectious SIRS subject’s
blood sample;

(c) determining that the non-infectious SIRS subject or
the infectious SIRS subject is in septic shock if the
non-infectious SIRS subject or the infectious SIRS
subject’s F-actin level is about 3 ng/mL or greater; and

(d) administering an effective treatment to treat or prevent
septic shock in the non-infectious SIRS subject or the
infectious SIRS subject having an F-actin level of about
3 ng/mL or greater.

2. The method of claim 1, wherein the infectious SIRS
subject presents with at least two SIRS criteria at the time of
assessment.

3. The method of claim 1, wherein the non-infectious
SIRS subject presents with zero or one SIRS criteria at the
time of assessment.

4. The method of claim 2, wherein the at least one SIRS
criteria comprises: elevated heart rate, elevated respiratory

rate, an elevated or decreased temperature from 37° C., or an
elevated or decreased white blood count.

5. The method of claim 1 wherein the blood sample is a
plasma sample.

6. The method of claim 1, wherein determining the
amount of F-actin in the non-infectious SIRS subject or the
infectious SIRS subject’s blood sample comprises assaying
the amount of F-actin protein in the blood sample.

7. The method of claim 6, wherein determining the
amount of F-actin protein in the non-infectious SIRS subject
or the infectious SIRS subject’s blood sample comprises
measuring the amount of F-actin bound to an antibody
which binds to F-actin and comparing the amount of bound
antibody to a standard curve in an immunoassay.

8. The method of claim 7, wherein determining the
amount of F-actin protein in the non-infectious SIRS subject
or the infectious SIRS subject’s blood sample comprises
measuring the amount of F-actin in an ELISA assay.

9. The method of claim 1, wherein administering an
effective treatment to treat or prevent septic shock in the
non-infectious SIRS subject or the infectious SIRS subject
comprises treating the non-infectious SIRS subject or the
infectious SIRS subject with plasmapheresis, high dose
ultrafiltration, extracorporeal membrane oxygenation, selec-
tive cytopheresis, selective antigen removal, continuous
renal replacement therapy, or combinations thereof.
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10. The method of claim 1, wherein the non-infectious
SIRS subject or the infectious SIRS subject having a blood
F-actin level of less than about 3 ng/mL is treated with
anti-inflammatories, antibiotics, or combinations thereof.

11. A method for the detection of sepsis or septic shock in
a human subject confirmed with SIRS, the method compris-
ing: (a) quantifying a level of F-actin in a blood sample of
said human obtained on days 0, 1 or 2 after subject is
confirmed with SIRS, (b) determining whether the level of
F-actin quantified in said serum sample is above about 3
ng/mL, and (c) predicting that the human will develop sepsis
or septic shock when the level of F-actin quantified in said
blood sample is above about 3 ng/ml..

12. The method of claim 11 wherein the level of F-actin
is determined by ELISA, RIA, EIA, mass spectrometry, or
microarray analysis.

13. The method of claim 11 wherein the level of F-actin
is determined by a sandwich ELISA, wherein microtiter
plates are coated with one type of antibody directed against
F-actin, the plates are then blocked and the sample or a
standard is loaded, a second type of antibody against F-actin
is applied, a third antibody detecting the second antibody
conjugated with a suitable label is then added, and the label
used to quantify the level of F-actin.

14. The method of claim 13 wherein the label in the
sandwich ELISA is an enzyme for chromogenic detection.
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15. A method for in vitro establishing a prognosis for a
SIRS subject of developing septic shock, consisting of the
following steps: (i) obtaining a plasma sample from the
subject, measuring the level of F-actin in the sample, by
immunoassay; (i) comparing the level of F-actin to a
predetermined threshold plasma level of F-actin indicative
for developing septic shock, wherein: if the level of F-actin
in the plasma sample is above the predetermined threshold,
the prognosis is that the SIRS subject will develop severe
sepsis or septic shock; and if the level of F-actin in the
plasma sample is below the predetermined threshold, the
prognosis is that the subject will not develop septic shock

16. The method of claim 15, wherein said plasma sample
has been collected at day 0, day 1 or day 2 after the onset of
SIRS.

17. The method of claim 15, wherein said immunoassay
is performed with an antibody which specifically binds to
the F-actin.

18. The method of claim 17, wherein said antibody is
fluorescently labeled.

19. The method of claim 15, wherein said immunoassay
is an enzyme-linked immunosorbent assay (ELISA).

20. The method of claim 15, wherein the predetermined
threshold for the prognosis of developing septic shock is an
F-actin level in the plasma of about 3 ng/mL or greater.

L S T T



THMBW(EF)

RE(EFR)AGE)

HAT R E(ZFRR)AGE)

patsnap

AT IREBIEMN S Z XK EWIR S 77 0%

US20170307609A1 K (aH)A 2017-10-26
US15/516193 % A 2015-10-01
SHEBIERS
SHEBIERS

[#R1 & BB A BELSKY JUSTIN BRETT
MORRIS DANIEL CLAUDE
RIVERS EMANUEL
KA BELSKY, JUSTIN BRETT
MORRIS, DANIEL CLAUDE
RIVERS, EMANUEL
IPCHEF GO01N33/569 GO1N33/68 GO1N33/53 C12Q1/68
CPCH %= GO01N2333/47 GO1N2333/90 GO1N2800/26 C12Q1/68 GO1N33/56911 GO1N33/6893 GO1N33/53
GO01N2800/52 C12Q1/6883 C12Q2600/118 C12Q2600/158
i £ 62/058340 2014-10-01 US
SAEBEE Espacenet USPTO
BE(R) 7 F-actin
ARPRET —FAT , Wby, L ETATUN K MERK S ERTH S
&, AREREYIREYRTT RSENRSERRNZHENSE , T !
A YR A A BT A RIS W R SR T R . 10
i
?

H L

0

0

Septic Shock DO Septic Shck D3v Septic Shock D7~ CABG ~ Healthy Controls



https://share-analytics.zhihuiya.com/view/bc254cda-4e90-4de6-9948-2c98d217e52a
https://worldwide.espacenet.com/patent/search/family/055631523/publication/US2017307609A1?q=US2017307609A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170307609%22.PGNR.&OS=DN/20170307609&RS=DN/20170307609

