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7) ABSTRACT

Hypercoagulable and hyperinflammatory responses can lead
to a variety of diseases including but not limited to dissemi-
nated intravascular coagulation in sepsis, consumptive
coagulopathy in trauma, thrombosis in the postsurgical
setting, acute respiratory distress syndrome in lung, and
other diseases or conditions. Polyphosphate is accumulated
by many infectious microorganisms and may be released by
damaged infectious microorganisms. In addition, polyphos-
phate is found in many organs and is released from activated
platelets and mast cells. Polyphosphates activate the intrin-
sic pathway of coagulation that also induces inflammation.
Hypercoagulable and hyperinflammatory challenge are
mediators contributing to endothelial dysfunction, organ
failure and death, which occur in many pathological condi-
tions. As such, polyphosphates can be targeted pharmaco-
logically by inhibitors, such as anti-polyphosphate antibod-
ies, as well as used as biomarkers for diagnosis, prognosis,
and treatment response indicators that may be used to
provide guidance for alterations in treatment plans.
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ANTIBODIES TO POLYPHOSPHATE
DECREASE CLOT FORMATION, DECREASE
INFLAMMATION, AND IMPROVE
SURVIVAL

[0001] This application claims benefit of priority to U.S.
Provisional Application Ser. No. 62/040,002, filed Aug. 21,
2014, the entire contents of which are hereby incorporated
by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] This invention was made with Government support
under contract number UM1 HL120877 and grant number
RO1 HL047014, awarded by the National Institutes of
Health. The Government has certain rights in the invention.

DESCRIPTION

1. Field

[0003] The present disclosure relates to the field of medi-
cine, disease and biology. In particular, it relates to the
identification and targeting of polyphosphates (polyP) in
hyperinflammatory and hypercoagulable disease states.

II. Related Art

[0004] Hyper-inflammatory responses to infection con-
tribute to sepsis. The current understanding of pathogenesis
of sepsis is that release of pro-inflammatory cytokines by
host cells in response to the invading pathogens causes
tissue injury and lethality. Tumor necrosis factor (TNF) and
Interleukin 15 (IL-1p) from macrophages stimulated by
lipopolysaccharide (LPS) were identified as early mediators
and high mobility group box-1 protein (HMGB1) was
identified as a late mediator. Although inhibiting these
mediators is protective in animal models, clinical trials using
TNF and IL-1§ as therapeutic targets in sepsis failed (Wang
etal., 1999). Although a potential therapeutic target in septic
patients, recent studies indicate that HMGBI1 is a weak
pro-inflammatory cytokine and levels of HMGB1 correlated
only weakly to other pro-inflammatory markers in patients
with suspected community-acquired infections and sepsis
(Rouhiainen et al., 2007; Gaini et al, 2007).

[0005] Hyper-inflammatory responses can lead to a variety
of diseases including sepsis. It has recently been shown that
extracellular histones released in response to an inflamma-
tory challenge are mediators contributing to endothelial
dysfunction, organ failure and death during sepsis. Targeting
of similar inflammatory mediators presents a unique thera-
peutic option for treating these diseases.

SUMMARY

[0006] Inaccordance with the disclosure, there is provided
a method of inhibiting a medical condition involving extra-
cellular polyphosphate toxicity in a subject. The method
includes administering to the subject an anti-polyphosphate
antibody in vivo. The method may further includes admin-
istering to the subject an anti-histone antibody. One may also
measure polyP level for diagnosing, prognosticating, or
assessing treatment in a disease of a subject by measuring a
level of polyP. Also provided is a medical device that treats
extracorporeal blood flow to reduce polyP load on the
subject.
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[0007] The subject may be a human, dog, cat, horse,
monkey, mouse, rat, rabbit, sheep, goat, cow or pig. The
disease may be bacterial sepsis, fungal sepsis, virus, Ebola,
surgery, traumatic hemorrhage and/or tissue damage, acute
pancreatitis, acute respiratory distress syndrome, ischemia-
reperfusion injury, cardiovascular disease, cancer, autoim-
mune disease, chemotherapy toxicity, radiotherapy toxicity,
cytokine therapy toxicity, or burn. The subject may suffer
from chronic cardiovascular disease, such as atherosclerosis,
or tumor angiogenesis or trauma.

[0008] In yet another embodiment, there is provided a
method of determining a subject’s disease prognosis com-
prising (a) obtaining a serum or plasma sample from the
subject; and (b) determining the extracellular polyP content
of the sample, wherein the presence of extracellular polyP in
the sample indicates that the subject is at risk of discase
progression. Step (b) may comprise ELISA or Western
blotting using anti-polyP antibodies. The method may fur-
ther comprise treating the subject with an anti-inflammatory
agent or an inhibitor of extracellular polyP toxicity. such as
anti-polyP antibodies.

[0009] In yet additional embodiments, there are provided
(a) a pharmaceutical composition comprising anti-polyP
antibodies; and (b) a pharmaceutical composition compris-
ing antibodies that bind to polyP, further comprising anti-
bodies that bind to histones or a combination of histones and
polyP; and (c) compositions as in (a) or (b) and further
comprising activated protein C.

[0010] In still a further embodiment, there is provided a
method of inhibiting pro-inflammatory cytokine production
by endothelial cells in a subject comprising administering to
the subject a first inhibitor of polyP toxicity, wherein the
inhibitor is an anti-polyP antibody. The pro-inflammatory
cytokine may be IL-6 or IL-8. The method may further
comprise administering to the subject a second inhibitor of
inflammation, such as an anti-histone antibody.

[0011] In still yet a further embodiment, there is provided
a method of reducing endothelial permeability in a subject
comprising administering to the subject a first inhibitor of
polyP toxicity, wherein the first inhibitor is an anti-polyP
antibody. In other embodiments, the subject has contracted
an infection such as that caused by anthrax or suffers from
edema, vascular leak, or shock, including circulatory shock.
The method may further comprise administering to the
subject a second inhibitor of polyP toxicity, such as an
anti-histone antibody. The subject may be a human, dog, cat,
horse, monkey, mouse, rat, rabbit, sheep, goat, cow or pig.
[0012] The use of the word “a” or “an” when used in
conjunction with the term “comprising” in the claims and/or
the specification may mean “one,” but it is also consistent
with the meaning of “one or more,” “at least one,” and “one
or more than one.”

[0013] It is contemplated that any embodiment discussed
herein can be implemented with respect to any method or
composition of the disclosure, and vice versa. Furthermore,
compositions and kits of the disclosure can be used to
achieve methods of the disclosure.

[0014] Throughout this application, the term “about” is
used to indicate that a value includes the standard deviation
of error for the device or method being employed to deter-
mine the value.

[0015] The use of the term “or” in the claims is used to
mean “and/or” unless explicitly indicated to refer to alter-
natives only or the alternatives are mutually exclusive,
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although the disclosure supports a definition that refers to
only alternatives and “and/or.”

[0016] As used in this specification and claim(s), the
words “comprising” (and any form of comprising, such a
“comprise” and “comprises”), “having” (and any form of
having, such as “have” and “has”), “including” (and any
form of including, such as “includes” and “include”) or
“containing” (and any form of containing, such as “con-
tains” and “contain”) are inclusive or open-ended and do not
exclude additional, unrecited elements or method steps.
[0017] Other objects, features and advantages of the pres-
ent disclosure will become apparent from the following
detailed description. It should be understood, however, that
the detailed description and the specific examples, while
indicating specific embodiments of the disclosure, are given
by way of illustration only, since various changes and
modifications within the spirit and scope of the disclosure
will become apparent to those skilled in the art from this
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The following drawings form part of the present
specification and are included to further demonstrate certain
aspects of the present disclosure. The disclosure may be
better understood by reference to one or more of these
drawings in combination with the detailed description of
specific embodiments presented herein.

[0019] FIG. 1 shows structure of inorganic polyP.

[0020] FIG. 2 demonstrates time to clot differences in 5
different trials, 4 of which have polyP, demonstrating that
with sufficient concentration of anti-polyP antibodies (e.g.,
PP2055) that polyP effect on time to clot is almost neutral-
ized.

[0021] FIG. 3 shows increased survival in mice adminis-
tered anti-polyP antibodies and lipopolysaccharide v. control
mice that were administered lipopolysaccharide without
anti-polyP antibodies, demonstrating that anti-polyP anti-
bodies protect from death in the acute inflammatory model.
[0022] FIG. 4 shows that thrombin-antithrombin complex
(TAT) levels are lower in mice administered anti-polyP
antibodies and lipopolysaccharide v. control mice that were
administered lipopolysaccharide without anti-phosphate
antibodies, demonstrating that anti-polyP antibodies
strongly attenuate the coagulopathy induced by lipopolysac-
charide.

[0023] FIG. 5 shows the results of coagulation assays in
which coagulation was initiated by recalcification of citrated
human plasma in the presence of polyP.

[0024] FIG. 6 shows the results of coagulation assays in
which coagulation was initiated by recalcification of citrated
human plasma in the presence of RNA (polyguanylic acid).
[0025] FIG. 7 shows PP2059 Inhibition of polyP and RNA
(polyguanylic acid, poly) mediated contact activation in
human plasma. 25 pl. of PP2059 (final concentrations listed
above) and either 25 pl. 10 pg/mL (final concentration)
long-chain polyP or 25 pg/ml (final concentration) polyG
were pre-incubated for 10 minutes at 37° C., then incubated
with 50 pL. pooled normal human plasma for 3 minutes
before the initiation of clotting by the addition of 50 uL of
25 mM calcium chloride. Final concentration for buffer
components were 41.7 mM imidazole pH 8.0, 25 uM 80:20
phosphatidylcholine: phosphatidylserine liposomes, 33%
pooled normal human plasma, 8.3 mM Ca®*.
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DETAILED DESCRIPTION

[0026] As discussed above, hyper-inflammatory responses
can lead to a variety of diseases including sepsis. Inorganic
polyphosphate (polyP) is a linear chain of phosphate resi-
dues that is found in many organs, and polyP is released
from dense granules in platelets and is also secreted by
activated mast cells. PolyP activates the intrinsic pathway of
coagulation that also induces inflammation. It is highly
desirable to identify inhibitors to polyP that would not be
toxic, which would allow investigation of the roles of polyP
in disease, and which would lead to diagnostic and thera-
peutic methods and apparatuses.

[0027] One candidate for an inhibitor of polyP would be
an antibody. The ubiquitous nature of polyP raised the
concern that it may not be possible for an animal to mount
an immune response against this molecule, owing to
immune tolerance. In addition, the simple, repeating struc-
ture of polyP raised concerns about the feasibility of gen-
erating an antibody against it, as such simple molecules may
not be antigenic. And finally, it was very unclear that
antibodies to polyP, even if they could be generated, would
be able to effectively block the procoagulant activity of
polyP. See FIG. 1. However, the inventors have demon-
strated the feasibility of generating neutralizing anti-polyP
antibodies that should lead to positive diagnostic and thera-
peutic results.

[0028] Thus, in accordance some embodiments, there is
provided a method of inhibiting a medical condition involv-
ing extracellular polyP toxicity in a subject comprising
administering to the subject an inhibitor of polyP toxicity,
such as anti-polyP antibody, optionally with an anti-histone
antibody. One may also measure a level of polyP In vivo for
diagnosis, prognosis, and/or treatment response quantifica-
tion. In addition, one may employ an apparatus or method to
remove polyP, such as by way of example and not limitation,
extracorporeal removal in a heart bypass machine. These
and other aspects of the disclosure are described in greater
detail below.

I. HYPER-INFLAMMATORY DISEASE STATES

[0029] The present disclosure contemplates diagnosing
and intervening in a variety of disease states that involve the
release of polyPs and the resulting extracellular toxicity
therefrom. A number of these disease states are described
below.

[0030] A. Sepsis

[0031] Sepsis is a serious medical condition characterized
by a whole-body inflammatory state caused by infection.
Traditionally the term sepsis has been used interchangeably
with septicaemia and septicemia (“blood poisoning”). How-
ever, these terms are no longer considered synonymous;
septicemia is considered a subset of sepsis.

[0032] Symptoms of sepsis are often related to the under-
lying infectious process. When the infection crosses into
sepsis, the resulting symptoms are that of systemic inflam-
matory response syndrome (SIRS): general inflammation,
fever, elevated white blood cell count (leukocytosis), and
raised heart rate (tachycardia) and breathing rate (tachyp-
nea). Secondary to the above, symptoms also include flu like
chills.

[0033] The immunological response that causes sepsis is a
systemic inflammatory response causing widespread activa-
tion of inflammation and coagulation pathways. This may
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progress to dysfunction of the circulatory system and, even
under optimal treatment, may result in the multiple organ
dysfunction syndrome and eventually death.

[0034] Sepsis is considered present if infection is highly
suspected or proven and two or more of the following
systemic inflammatory response syndrome (SIRS) criteria
are met: heart rate >90 beats per minute body temperature
<36° C. (96.8° F.) or >38° C. (100.4° F.) hyperventilation
(high respiratory rate) >20 breaths per minute or, on blood
gas, a P,CO, less than 32 mm Hg white blood cell count
<4000 cells/mm? or >12000 cells/mm?® (<4x10° or >12x10°
cells/L), or greater than 10% band forms (immature white
blood cells). Consensus definitions however continue to
evolve with the latest expanding the list of signs and
symptoms of sepsis to reflect clinical bedside experience.
[0035] The more critical subsets of sepsis are severe sepsis
(sepsis with acute organ dysfunction) and septic shock
(sepsis with refractory arterial hypotension). Alternatively,
when two or more of the systemic inflammatory response
syndrome criteria are met without evidence of infection,
patients may be diagnosed simply with “SIRS.” Patients
with SIRS and acute organ dysfunction may be termed
“severe SIRS.”

[0036] Patients are defined as having “severe sepsis” if
they have sepsis plus signs of systemic hypoperfusion; either
end organ dysfunction or a serum lactate greater than 4
mmol/dL. Patients are defined as having septic shock if they
have sepsis plus hypotension after an appropriate fluid bolus
(typically 20 ml/kg of crystalloid). The criteria for diagnos-
ing an adult with sepsis do not apply to infants under one
month of age. In infants, only the presence of infection plus
a “constellation” of signs and symptoms consistent with the
systemic response to infection are required for diagnosis.
[0037] The therapy of sepsis rests on antibiotics, surgical
drainage of infected fluid collections, fluid replacement and
appropriate support for organ dysfunction. This may include
hemodialysis in kidney failure, mechanical ventilation in
pulmonary dysfunction, transfusion of blood products, and
drug and fluid therapy for circulatory failure. Ensuring
adequate nutrition, if necessary by parenteral nutrition, is
important during prolonged illness.

[0038] A problem in the adequate management of septic
patients has been the delay in administering therapy after
sepsis has been recognized. Published studies have demon-
strated that for every hour delay in the administration of
appropriate antibiotic therapy there is an associated 7% rise
in mortality. A large international collaboration was estab-
lished to educate people about sepsis and to improve patient
outcomes with sepsis, entitled the “Surviving Sepsis Cam-
paign.” The Campaign has published an evidence-based
review of management strategies for severe sepsis, with the
aim to publish a complete set of guidelines in subsequent
years.

[0039] Standard treatment of infants with suspected sepsis
consists of supportive care, maintaining fluid status with
intravenous fluids, and the combination of a beta-lactam
antibiotic (such as ampicillin) with an aminoglycoside such
as gentamicin.

[0040] B. Trauma

[0041] Physical trauma is a serious and body-altering
physical injury, such as the removal of a limb. Blunt force
trauma is a type of physical trauma caused by impact or
other force applied from or with a blunt object, whereas
penetrating trauma is a type of physical trauma in which the
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skin or tissues are pierced by an object. Trauma can also be
described as both unplanned, such as an accident, or
planned, in the case of surgery. Both can be characterized by
mild to severe tissue damage, blood loss and/or shock, and
both may lead to subsequent infection, including sepsis. The
present disclosure provides for treatment of trauma, includ-
ing both pre-treatment (in the case of a medical procedure)
and treatment after trauma injury as occurred.

[0042] i. Surgery

[0043] Surgery uses operative manual and instrumental
techniques on a patient to investigate and/or treat a patho-
logical condition such as disease or injury, to help improve
bodily function or appearance, or sometimes for some other
reason. The present disclosure can address trauma resulting
from surgeries, as defined further below.

[0044] As a general rule, a procedure is considered sur-
gical when it involves cutting of a patient’s tissues or closure
of a previously sustained wound. Other procedures that do
not necessarily fall under this rubric, such as angioplasty or
endoscopy, may be considered surgery if they involve com-
mon surgical procedure or settings, such as use of a sterile
environment, anesthesia, antiseptic conditions, typical sur-
gical instruments, and suturing or stapling. All forms of
surgery are considered invasive procedures; so-called non-
invasive surgery usually refers to an excision that does not
penetrate the structure being addressed (e.g., laser ablation
of the cornea) or to a radiosurgical procedure (e.g., irradia-
tion of a tumor). Surgery can last from minutes to hours.
[0045] Surgical procedures are commonly categorized by
urgency, type of procedure, body system involved, degree of
invasiveness, and special instrumentation. Elective surgery
is done to correct a non-life-threatening condition, and is
carried out at the patient’s request, subject to the surgeon’s
and the surgical facility’s availability. Emergency surgery is
surgery that must be done quickly to save life, limb, or
functional capacity. Exploratory surgery is performed to aid
or confirm a diagnosis. Therapeutic surgery treats a previ-
ously diagnosed condition.

[0046] Amputation involves cutting off a body part, usu-
ally a limb or digit. Replantation involves reattaching a
severed body part. Reconstructive surgery involves recon-
struction of an injured, mutilated, or deformed part of the
body. Cosmetic surgery is done to improve the appearance
of an otherwise normal structure. Excision is the cutting out
of an organ, tissue, or other body part from the patient.
Transplant surgery is the replacement of an organ or body
part by insertion of another from different human (or animal)
into the patient. Removing an organ or body part from a live
human or animal for use in transplant is also a type of
surgery.

[0047] When surgery is performed on one organ system or
structure, it may be classed by the organ, organ system or
tissue involved. Examples include cardiac surgery (per-
formed on the heart), gastrointestinal surgery (performed on
the digestive tract and its accessory organs), and orthopedic
surgery (performed on bones and/or muscles).

[0048] Minimally invasive surgery involves smaller outer
incision(s) to insert miniaturized instruments within a body
cavity or structure, as in laparascopic surgery or angioplasty.
By contrast, an open surgical procedure requires a large
incision to access the area of interest. Laser surgery involves
use of a laser for cutting tissue instead of a scalpel or similar
surgical instruments. Microsurgery involves the use of an
operating microscope for the surgeon to see small structures.
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Robotic surgery makes use of a surgical robot, such as Da
Vinci or Zeus surgical systems, to control the instrumenta-
tion under the direction of the surgeon.

[0049] ii. Traumatic Hemorrhage

[0050] Traumatic hemorrhage accounts for much of the
wide ranging international impact of injury, causing a large
proportion of deaths and creating great morbidity in the
injured. Despite differences in pre-hospital care, the acute
management of traumatic hemorrhage is similar around the
world and follows well-accepted published guidelines. A
critically injured patient’s care occurs as three, often over-
lapping segments: the resuscitative, operative, and critical
care phases. The diagnosis and control of bleeding should be
a high priority during all of the phases of trauma care and is
especially important in the patient who is in hemorrhagic
shock. Harly attempts at hemorrhage control include direct
control of visible sources of severe bleeding with direct
pressure, pressure dressings, or tourniquets; stabilization of
long bone and pelvic fractures; and keeping the patient
warm. During the resuscitative phase, warmed intravenous
fluids, hypotensive resuscitation prior to surgical control of
hemorrhage, and appropriate transfusion of blood and blood
products are provided. In the operative phase, surgical
control of the hemorrhage and any other injury, and addi-
tional transfusion is provided. Finally, the critical care phase
provides for post-operative support and tissue perfusion.
[0051] C. Acute Pancreatitis

[0052] Acute pancreatitis is rapidly-onset inflammation of
the pancreas. Depending on its severity, it can have severe
complications and high mortality despite treatment. While
mild cases are often successfully treated with conservative
measures or laparoscopy, severe cases require invasive sur-
gery (often more than one intervention) to contain the
disease process.

[0053] D. Acute Respiratory Distress Syndrome

[0054] Acute respiratory distress syndrome (ARDS), also
known as respiratory distress syndrome (RDS) or adult
respiratory distress syndrome (in contrast with IRDS) is a
serious reaction to various forms of injuries to the lung. This
is the most important disorder resulting in increased perme-
ability pulmonary edema.

[0055] ARDS is a severe lung disease caused by a variety
of direct and indirect insults. It is characterized by inflam-
mation of the lung parenchyma leading to impaired gas
exchange with concomitant systemic release of inflamma-
tory mediators causing inflammation, hypoxemia and fre-
quently resulting in multiple organ failure. This condition is
life threatening and often lethal, usually requiring mechani-
cal ventilation and admission to an intensive care unit. A less
severe form is called acute lung injury (ALI).

[0056] ARDS can occur within 24 to 48 hours of an injury
or attack of acute illness. In such a case the patient usually
presents with shortness of breath, tachypnea, and symptoms
related to the underlying cause, ie., shock. Long-term
illnesses can also trigger it, such as malaria. The ARDS may
then occur sometime after the onset of a particularly acute
case of the infection.

[0057] An arterial blood gas analysis and chest X-ray
allow formal diagnosis by inference using the aforemen-
tioned criteria. Although severe hypoxemia is generally
included, the appropriate threshold defining abnormal PaO,
has never been systematically studied. Any cardiogenic
cause of pulmonary edema should be excluded. This can be
done by placing a pulmonary artery catheter for measuring
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the pulmonary artery wedge pressure. However, this is not
necessary and is now rarely done as abundant evidence has
emerged demonstrating that the use of pulmonary artery
catheters does not lead to improved patient outcomes in
critical illness including ARDS. Plain chest X-rays are
sufficient to document bilateral alveolar infiltrates in the
majority of cases. While CT scanning leads to more accurate
images of the pulmonary parenchyma in ARDS, it has little
utility in the clinical management of patients with ARDS,
and remains largely a research tool.

[0058] Acute respiratory distress syndrome is usually
treated with mechanical ventilation in the Intensive Care
Unit. Ventilation is usually delivered through orotracheal
intubation, or tracheostomy whenever prolonged ventilation
(>2 weeks) is deemed inevitable. The possibilities of non-
invasive ventilation are limited to the very early period of
the disease or, better, to prevention in individuals at risk for
the development of the disease (atypical pneumonias, pul-
monary contusion, major surgery patients). Treatment of the
underlying cause is imperative, as it tends to maintain the
ARDS picture. Appropriate antibiotic therapy must be
administered as soon as microbiological culture results are
available. Empirical therapy may be appropriate if local
microbiological surveillance is efficient. More than 60%
ARDS patients experience a (nosocomial) pulmonary infec-
tion either before or after the onset of lung injury. The origin
of infection, when surgically treatable, must be operated on.
When sepsis is diagnosed, appropriate local protocols
should be enacted.

[0059] E. Ischemia-Reperfusion Injury

[0060] Reperfusion injury refers to damage to tissue
caused when blood supply returns to the tissue after a period
of ischemia. The absence of oxygen and nutrients from
blood creates a condition in which the restoration of circu-
lation results in inflammation and oxidative damage through
the induction of oxidative stress rather than restoration of
normal fonction.

[0061] The damage of reperfusion injury is due in part to
the inflammatory response of damaged tissues. White blood
cells carried to the area by the newly returning blood release
a host of inflammatory factors such as interleukins as well as
free radicals in response to tissue damage. The restored
blood flow reintroduces oxygen within cells that damages
cellular proteins, DNA, and the plasma menibrane. Damage
to the cell’s membrane may in turn cause the release of more
free radicals. Such reactive species may also act indirectly in
redox signaling to turn on apoptosis. Leukocytes may also
build up in small capillaries, obstructing them and leading to
more ischemia.

[0062] Reperfusion injury plays a part in the brain’s
ischemic cascade, which is involved in stroke and brain
trauma. Repeated bouts of ischemia and reperfusion injury
also are thought to be a factor leading to the formation and
failure to heal of chronic wounds such as pressure sores and
diabetic foot ulcers. Continuous pressure limits blood supply
and causes ischemia, and the inflammation occurs during
reperfusion. As this process is repeated, it eventually dam-
ages tissue enough to cause a wound.

[0063] In prolonged ischemia (60 min or more), hypox-
anthine is formed as breakdown product of ATP metabolism.
The enzyme xanthine dehydrogenase is converted to xan-
thine oxidase as a result of the higher availability of oxygen.
This oxidation results in molecular oxygen being converted
into highly reactive superoxide and hydroxyl radicals. Xan-
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thine oxidase also produces uric acid, which may act as both
a prooxidant and as a scavenger of reactive species such as
peroxinitrite. Excessive nitric oxide produced during reper-
fusion reacts with superoxide to produce the potent reactive
species peroxynitrite. Such radicals and reactive oxygen
species attack cell membrane lipids, proteins, and gly-
cosaminoglycans, causing further damage. They may also
initiate specific biological processes by redox signaling.

[0064]

[0065] Cardiovascular disease refers to the class of dis-
eases that involve the heart or blood vessels (arteries and
veins). While the term technically refers to any disease that
affects the cardiovascular system, it is usually used to refer
to those related to atherosclerosis (arterial disease). These
conditions have similar causes, mechanisms, and treatments.
Treatment of cardiovascular disease depends on the specific
form of the disease in each patient, but effective treatment
always includes preventive lifestyle changes discussed
above. Medications, such as blood pressure reducing medi-
cations, aspirin and the statin cholesterol-lowering drugs
may be helpful. In some circumstances, surgery or angio-
plasty may be warranted to reopen, repair, or replace dam-
aged blood vessels.

[0066] Most Western countries face high and increasing
rates of cardiovascular disease. Each year, heart disease kills
more Americans than cancer. Diseases of the heart alone
caused 30% of all deaths, with other diseases of the cardio-
vascular system causing substantial further death and dis-
ability. Up until the year 2014, it was the number 1 cause of
death and disability in the United States and most European
countries. A large histological study (PDAY) showed vas-
cular injury accumulates from adolescence, making primary
prevention efforts necessary from childhood.

[0067] Some biomarkers are thought to offer a more
detailed risk of cardiovascular disease. However, the clinical
value of these biomarkers is questionable. Currently, bio-
markers which may reflect a higher risk of cardiovascular
disease include: higher fibrinogen and PAI-1 blood concen-
trations elevated homocysteine, or even upper half of normal
elevated blood levels of asymmetric dimethylarginine high
inflammation as measured by C-reactive protein elevated
blood levels of B-type natriuretic peptide (BNP) Various
forms of cardiovascular disease include aneurysms, angina,
arrhythmia, atherosclerosis, cardiomyopathy, cerebrovascu-
lar disease, congenital heart disease, congestive heart fail-
ure, myocarditis, valve disease, coronary artery disease,
dilated cardiomyopathy, diastolic dysfunction, endocarditis,
high blood pressure (hypertension), hypertrophic cardio-
myopathy, mitral valve prolapse, myocardial infarction, and
venous thromboembolism.

[0068]

[0069] The present disclosure contemplates the treatment
of a variety of autoimmune and/or inflammatory disease
states such as spondyloarthropathy, ankylosing spondylitis,
psoriatic arthritis, reactive arthritis, enteropathic arthritis,
ulcerative colitis, Crohn’s disease, irritable bowel disease,
rheumatoid arthritis, juvenile rheumatoid arthritis, familial
Mediterranean fever, amyotrophic lateral sclerosis,
Sjogren’s syndrome, early arthritis, viral arthritis, multiple
sclerosis, or psoriasis. The diagnosis and treatment of these
diseases are well documented in the literature.

F. Cardiovascular Disease

G. Autoimmune/Inflammatory Disease
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[0070] H. Chemotherapy, Radiotherapy and Cytokine
Therapy Toxicity

[0071] Various forms of cancer therapy, including chemo-
therapy, radiation, and cytokines, are associated with toxic-
ity, sometimes severe, in the cancer patient. To the extent
that the toxicity is caused at least in part by the extracellular
actions of polyPs, the present disclosure seeks to reduce this
toxicity using the pharmaceutical compositions of the pres-
ent disclosure, thereby reducing or alleviating discomfort on
the part of the patient, as well as permitting higher doses of
the therapy.

[0072] 1. Burns

[0073] In medicine, a burn may be an injury caused by
heat, cold, electricity, chemicals, friction or radiation. First-
degree burns are usually limited to redness (erythema), a
white plaque, and minor pain at the site of injury. These
burns usually extend only into the epidermis. Second-degree
burns additionally fill with clear fluid, have superficial
blistering of the skin, and can involve more or less pain
depending on the level of nerve involvement. Second-degree
burns involve the superficial (papillary) dermis and may also
involve the deep (reticular) dermis layer. Third-degree burns
additionally have charring of the skin, and produce hard,
leather-like eschars. An eschar is a scab that has separated
from the unaffected part of the body. Frequently, there is also
purple fluid. These types of burns are often painless, because
nerve endings have been destroyed in the burned areas.
Serious burns, especially if they cover large areas of the
body, can cause death; any hint of burn injury to the lungs
(e.g., through smoke inhalation) is a medical emergency.
[0074] Burns that injure the tissues underlying the skin,
such as the muscles or bones, are sometimes categorized as
fourth-degree burns. These burns are broken down into three
additional degrees: fourth-degree burns result in the skin
being irretrievably lost, fifth-degree burns result in muscle
being irretrievably lost, and sixth-degree burns result in
bone being charred.

[0075] A newer classification of “Superficial Thickness,”
“Partial Thickness” (which is divided into superficial and
deep categories) and “Full Thickness” relates more precisely
to the epidermis, dermis and subcutaneous layers of skin and
is used to guide treatment and predict outcome.

[0076] Chemical burns are usually caused by chemical
compounds, such as sodium hydroxide (lye), silver nitrate,
and more serious compounds (such as sulfuric acid). Most
chemicals (but not all) that can cause moderate to severe
chemical burns are strong acids or bases. Nitric acid, as an
oxidizer, is possibly one of the worst burn-causing chemi-
cals. Hydrofluoric acid can eat down to the bone and its
burns are often not immediately evident. Most chemicals
that can cause moderate to severe chemical burns are called
caustic.

[0077] Electrical burns are generally symptoms of electric
shock, being struck by lightning, being defibrillated or
cardioverted without conductive gel, etc. The internal inju-
ries sustained may be disproportionate to the size of the
“burns” seen—as these are only the entry and exit wounds
of the electrical current.

[0078] Burns are assessed in terms of total body surface
area (ITBSA), which is the percentage affected by partial
thickness or full thickness burns (superficial thickness burns
are not counted). The rule of nines is used as a quick and
useful way to estimate the affected TBSA. The first step in
managing a person with a burn is to stop the burning process.
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With dry powder burns, the powder should be brushed off
first. With other burns, the affected area should be rinsed
with a large amount of clean water to remove foreign bodies
and help stop the burning process. Cold water should never
be applied to any person with extensive burns, as it may
severely compromise the burn victim’s temperature status.
At this stage of management, it is also critical to assess the
airway status. If the patient was involved in a fire, then it
must be assumed that he or she has sustained inhalation
injury until proven otherwise, and treatment should be
managed accordingly.

[0079] Once the burning process has been stopped, and
airway status is ensured, the patient should be volume
resuscitated according to the standard of care for subjects
with burns. Inadequate fluid resuscitation causes renal fail-
ure and death. Severe edema in full thickness burns may be
treated by escharotomy.

[0080]

[0081] Cancer and pre-malignant hyperproliferative dis-
eases are now understood to be a disorder having significant
inflammatory components. The great majority of cancers,
some 90-95% of cases, are due to environmental factors. The
remaining 5-10% are due to inherited genetics. “Environ-
mental,” as used by cancer researchers, means any cause that
is not inherited genetically, such as lifestyle, economic and
behavioral factors, and not merely pollution. Common envi-
ronmental factors that contribute to cancer death include
tobacco (25-30%), diet and obesity (30-35%), infections
(15-20%), radiation (both ionizing and non-ionizing, up to
10%), stress, lack of physical activity, and environmental
pollutants.

[0082] One of the hallmarks of cancer is that interruption
of the cell’s normal apoptotic cycle. In addition, five other
characteristics of cancer have been proposed: self-suffi-
ciency in growth signaling, insensitivity to anti-growth
signals, enabling of a limitless replicative potential, induc-
tion and sustainment of angiogenesis and activation of
metastasis and invasion of tissue.

[0083] Cancer is fundamentally a disease of tissue growth
regulation failure. In order for a normal cell to transform into
a cancer cell, the genes that regulate cell growth and
differentiation must be altered. The affected genes are
divided into two broad categories. Oncogenes are genes that
promote cell growth and reproduction. Tumor suppressor
genes are genes that inhibit cell division and survival.
Malignant transformation can occur through the formation
of novel oncogenes, the inappropriate over-expression of
normal oncogenes, or by the under-expression or disabling
of tumor suppressor genes. Typically, changes in many
genes are required to transform a normal cell into a cancer
cell.

[0084] Genetic changes can occur at different levels and
by different mechanisms. The gain or loss of an entire
chromosome can occur through errors in mitosis. More
common are mutations, which are changes in the nucleotide
sequence of genomic DNA. Large-scale mutations involve
the deletion or gain of a portion of a chromosome. Genomic
amplification occurs when a cell gains many copies (often
20 or more) of a small chromosomal locus, usually contain-
ing one or more oncogenes and adjacent genetic material.
Translocation occurs when two separate chromosomal
regions become abnormally fused, often at a characteristic
location.

J. Cancer
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[0085] Small-scale mutations include point mutations,
deletions, and insertions, which may occur in the promoter
region of a gene and affect its expression, or may occur in
the gene’s coding sequence and alter the function or stability
of its protein product. Disruption of a single gene may also
result from integration of genomic material from a DNA
virus or retrovirus, leading to the expression of viral onco-
genes in the affected cell and its descendants.

[0086] Replication of the enormous amount of data con-
tained within the DNA of living cells will probabilistically
result in some errors (mutations). Complex error correction
and prevention is built into the process, and safeguards the
cell against cancer. If significant error occurs, the damaged
cell can “self-destruct” through programmed cell death,
termed apoptosis. If the error control processes fail, then the
mutations will survive and be passed along to daughter cells.

[0087] Cancer cells that may be treated according to the
present disclosure include but are not limited to cells from
the bladder, blood, bone, bone marrow, brain, breast, colon,
esophagus, gastrointestine, gum, head, kidney, liver, lung,
nasopharynx, neck, ovary, prostate, skin, stomach, pancreas,
testis, tongue, cervix, or uterus. In addition, the cancer may
specifically be of the following histological type, though it
is not limited to these: neoplasm, malignant; carcinoma;
carcinoma, undifferentiated; giant and spindle cell carci-
noma; small cell carcinoma; papillary carcinoma; squamous
cell carcinoma; lymphoepithelial carcinoma; basal cell car-
cinoma; pilomatrix carcinoma; transitional cell carcinoma;
papillary transitional cell carcinoma; adenocarcinoma; gas-
trinoma, malignant; cholangiocarcinoma; hepatocellular
carcinoma; combined hepatocellular carcinoma and cholan-
giocarcinoma; trabecular adenocarcinoma; adenoid cystic
carcinoma; adenocarcinoma in adenomatous polyp; adeno-
carcinoma, familial polyposis coli; solid carcinoma; carci-
noid tumor, malignant; branchiolo-alveolar adenocarci-
noma; papillary adenocarcinoma; chromophobe carcinoma;
acidophil carcinoma; oxyphilic adenocarcinoma; basophil
carcinoma; clear cell adenocarcinoma; granular cell carci-
noma; follicular adenocarcinoma; papillary and follicular
adenocarcinoma; nonencapsulating sclerosing carcinoma;
adrenal cortical carcinoma; endometroid carcinoma; skin
appendage carcinoma; apocrine adenocarcinoma; sebaceous
adenocarcinoma; cerurninous adenocarcinoma; mucoepider-
moid carcinoma; cystadenocarcinoma; papillary cystadeno-
carcinoma; papillary serous cystadenocarcinoma; mucinous
cystadenocarcinoma; mucinous adenocarcinoma; signet ring
cell carcinoma; infiltrating duct carcinoma; medullary car-
cinoma; lobular carcinoma; inflammatory carcinoma; Pag-
et’s disease, mammary, acinar cell carcinoma;
adenosquamous carcinoma; adenocarcinoma w/squamous
metaplasia; thymoma, malignant; ovarian stromal tumor,
malignant; thecoma, malignant; granulosa cell tumor, malig-
nant; androblastoma, malignant; sertoli cell carcinoma; ley-
dig cell tumor, malignant; lipid cell tumor, malignant; para-
ganglioma, malignant; extra-mammary paraganglioma,
malignant; pheochromocytoma; glomangiosarcoma; malig-
nant melanoma; amelanotic melanoma; superficial spread-
ing melanoma; malignant melanoma in giant pigmented
nevus; epitheloid cell melanoma; blue nevus, malignant;
sarcoma; fibrosarcoma; fibrous histiocytoma, malignant;
myxosarcoma; liposarcoma; leiomyosarcoma; rhabdomyo-
sarcoma; embryonal rhabdomyosarcoma; alveolar rhab-
domyosarcoma; stromal sarcoma; mixed tumor, malignant;
Mullerian mixed tumor; nephroblastoma; hepatoblastoma;
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carcinosarcoma; mesenchymoma, malignant; Brenner
tumor, malignant; phyllodes tumor, malignant; synovial
sarcoma; mesothelioma, malignant; dysgerminoma;
embryonal carcinoma; teratoma, malignant; struma ovarii,
malignant; choriocarcinoma; mesonephroma, malignant;
hemangiosarcoma; hemangioendothelioma, malignant;
Kaposi’s sarcoma; hemangiopericytoma, malignant; lymp-
hangiosarcoma; osteosarcoma; juxtacortical osteosarcoma;
chondrosarcoma; chondroblastoma, malignant; mesenchy-
mal chondrosarcoma; giant cell tumor of bone; Ewing’s
sarcoma; odontogenic tumor, malignant; ameloblastic odon-
tosarcoma; ameloblastoma, malignant; ameloblastic fibro-
sarcoma; pinealoma, malignant; chordoma; glioma, malig-
nant; ependymoma; astrocytoma; protoplasmic
astrocytoma; fibrillary astrocytoma; astroblastoma; glioblas-
toma; oligodendroglioma; oligodendroblastoma; primitive
neuroectodermal; cerebellar sarcoma; ganglioneuroblas-
toma; neuroblastoma; retinoblastoma; olfactory neurogenic
tumor, meningioma, malignant; neurofibrosarcoma;
neurilemmoma, malignant; granular cell tumor, malignant;
malignant lymphoma; Hodgkin’s disease; paragranuloma;
malignant lymphoma, small lymphocytic; malignant lym-
phoma, large cell, diffuse; malignant lymphoma, follicular;
mycosis fungoides; other specified non-Hodgkin’s lympho-
mas; malignant histiocytosis; multiple myeloma; mast cell
sarcoma; immunoproliferative small intestinal disease; leu-
kemia; lymphoid leukemia; plasma cell leukemia; erythro-
leukemia; lymphosarcoma cell leukemia; myeloid leukemia;
basophilic leukemia; eosinophilic leukemia; monocytic leu-
kemia; mast cell leukemia; megakaryoblastic leukemia;
myeloid sarcoma; and hairy cell leukemia. In certain
aspects, the tumor may comprise an osteosarcoma, angiosat-
coma, rhabdosarcoma, leiomyosarcoma, Ewing sarcoma,
glioblastoma, neuroblastoma, or leukemia.

1I. POLYPHOSPHATES

[0088] In biology, inorganic polyPs are found in many
organs of subjects, including humans. PolyP is released from
dense granules in platelets and from certain secretory gran-
ules in mast cells. PolyP is accumulated by many infectious
microorganisms, and polyP can be critical for cell viability
in bacteria. Damaged microorganisms may release polyP,
and the released polyP may induce injury on the host subject.
PolyP secreted by platelets (60 to 100 phosphate units long)
are considerably shorter than the polyP found in infectious
microorganisms (ranging up to hundreds of phosphate units
long, and frequently in excess of 1000 phosphate units long).
Bacterial polyP is very potent at triggering the contact
pathway of blood clotting. Short polyP polymers are effec-
tive at accelerating certain blood clotting reactions in the
common pathway of the plasma clotting cascade. PolyP
activates the intrinsic pathway of coagulation that also
induces inflammation.

[0089] Italso is contemplated in the present disclosure that
various anti-polyP antibodies may block polyP toxicity. The
present disclosure also may employ antibodies that comprise
modified, non-natural and/or unusual amino acids. The
treatment may occur in vivo and can occur extracorporeally.
For example, extracellular polyphosphate might be
“cleaned” or neutralized with blood flow through a cardiac
bypass machine or extracorporeal life-support (e.g., PLS
system from Maquet Getinge Group), by way of example
and not limitation.
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III. ANTIBODIES AND IMMUNOASSAYS

[0090] It will be understood that polyclonal or monoclonal
antibodies that bind immunologically to polyPs will have
use in several applications. These include diagnostic kits and
methods of detecting polyPs, as well as therapeutic inter-
vention, Means for preparing and characterizing antibodies
are well known in the art (see, e.g., Antibodies: A Laboratory
Manual, 1988; incorporated herein by reference). The term
“antibody” as used herein is used to refer to any antibody-
like molecule that has an antigen binding region, and
includes antibody fragments such as Fab', Fab, F(ab'),,
single domain antibodies (DAB’s), Fv, scFv (single-chain
Fv), and the like.

[0091] A. Polyclonal Antisera

[0092] Polyclonal antisera are prepared by immunizing an
animal with an immunogenic composition in accordance
with the present disclosure and collecting antisera from that
immunized animal. A wide range of animal species can be
used for the production of antisera. Typically the animal
used for production of anti-antisera is a rabbit, a mouse, a
rat, a hamster, a guinea pig or a goat. Because of the
relatively large blood volume of rabbits, a rabbit is a choice
for production of polyclonal antibodies.

[0093] As is well known in the art, a given composition
may vary in its immunogenicity. It is often necessary there-
fore to boost the host immune system, as may be achieved
by coupling a peptide or polypeptide immunogen to a
carrier. Exemplary carriers are keyhole limpet hemocyanin
(KLH) and bovine serum albumin (BSA). Other albumins
such as ovalbumin, mouse serum albumin or rabbit serum
albumin can also be used as carriers. Means for conjugating
a polypeptide to a carrier protein are well known in the art
and include glutaraldehyde, m-maleimidobencoyl-N-hy-
droxysuccinimide ester, carbodiimide and bis-biazotized
benzidine. Means for conjugating polyP covalently to amino
groups on a carrier protein using the cross-linking agent,
EDAC (I-ethyl-3-[3-dimethylamino-propyl]carbodiimide),
are described in: S. H. Choi, J. N, R. Collins, S. A. Smith,
R. L. Davis-Harrison, C. M. Rienstra and I. H. Morrissey
(2010) Phosphoramidate end labeling of inorganic poly-
phosphates: facile manipulation of polyphosphate for inves-
tigating and modulating its biological activities. See Bio-
chemistry 49(45):9935-9941, which is herein incorporated
by reference.

[0094] As also is well known in the art, the immunoge-
nicity of a particular immunogen composition can be
enhanced by the use of non-specific stimulators of the
immune response, known as adjuvants. Exemplary adju-
vants include complete Freund’s adjuvant (a non-specific
stimulator of the immune response containing killed Myco-
bacterium tuberculosis), incomplete Freund’s adjuvants and
aluminum hydroxide adjuvant.

[0095] The amount of immunogen composition used in
the production of polyclonal antibodies varies upon the
nature of the immunogen as well as the animal used for
immunization. A variety of routes can be used to administer
the immunogen (subcutaneous, intramuscular, intradermal,
intravenous and intraperitoneal). The production of poly-
clonal antibodies may be monitored by sampling blood of
the immunized animal at various points following immuni-
zation.

[0096] A second, booster injection, also may be given. The
process of boosting and titering is repeated until a suitable
titer is achieved. When a desired level of immunogenicity is
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obtained, the immunized animal can be bled and the serum
isolated and stored, or the animal can be used to generate
mAbs (below).

[0097] For production of rabbit polyclonal antibodies, the
animal can be bled through an ear vein or alternatively by
cardiac puncture. The procured blood is allowed to coagu-
late and then centrifuged to separate serum components
from whole cells and blood clots. The serum may be used as
is for various applications or else the desired antibody
fraction may be purified by well-known methods, such as
affinity chromatography using another antibody or a peptide
bound to a solid matrix or protein A followed by antigen
(peptide) affinity column for purification.

[0098] B. Monoclonal Antibodies

[0099] MAbs may be readily prepared through use of
well-known techniques, such as those exemplified m U.S.
Pat. No. 4,196,265, incorporated herein by reference. Typi-
cally, this technique involves immunizing a suitable animal
with a selected immunogen composition, e.g., a purified or
partially purified polyPs, or fragments therefrom. The
immunizing composition is administered in a manner effec-
tive to stimulate antibody producing cells.

[0100] The methods for generating monoclonal antibodies
(MAbs) generally begin along the same lines as those for
preparing polyclonal antibodies. Rodents such as mice and
rats are exemplary animals; however, the use of rabbit,
sheep. goat, monkey cells also is possible. The use of rats
may provide certain advantages (Goding, 1986, pp. 60-61),
but mice may be used.

[0101] The animals are injected with antigen, generally as
described above. The antigen may be coupled to carrier
molecules such as keyhole limpet hemocyanin if necessary.
The antigen would typically be mixed with adjuvant, such as
Freund’s complete or incomplete adjuvant. Booster injec-
tions with the same antigen would occur at approximately
two-week intervals.

[0102] Following immunization, somatic cells with the
potential for producing antibodies, specifically B lympho-
cytes (B cells), are selected for use in the MAb generating
protocol. These cells may be obtained from biopsied spleens
or lymph nodes. Spleen cells and lymph node cells may be
used, the former because they are a rich source of antibody-
producing cells that are in the dividing plasmablast stage.
[0103] Often, a panel of animals will have been immu-
nized and the spleen of animal with the highest antibody titer
will be removed and the spleen lymphocytes obtained by
homogenizing the spleen with a syringe. Typically, a spleen
from an immunized mouse contains approximately 5x107 to
2x10® lymphocytes.

[0104] The antibody-producing B lymphocytes from the
immunized animal are then fused with cells of an immortal
myeloma cell, generally one of the same species as the
animal that was immunized. Myeloma cell lines suited for
use in hybridoma-producing fusion procedures preferably
are non-antibody-producing, have high fusion efliciency,
and enzyme deficiencies that render then incapable of grow-
ing in certain selective media which support the growth of
only the desired fused cells (hybridomas).

[0105] Any one of a number of myeloma cells may be
used, as are known to those of skill in the art (Goding, pp.
65-66, 1986; Campbell, pp. 75-83, 1984; each incorporated
herein by reference). For example, where the immunized
animal is a mouse, one may use P3-X63/Ag8, X63-Ag8.653,
NS1/1.Ag 4 1, Sp210-Agl4, FO, NSO/U, MPC-11, MPC11-
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X45-GTG 1.7 and S194/5XXO0 Bul; for rats, one may use
R210.RCY3,Y3-Ag 1.2.3, IR983F and 4B210; and U-266,
GM1500-GRG2, LICR-LON-HMy2 and UC729-6 are all
useful in connection with human cell fusions. One particular
murine myeloma cell is the NS-1 myeloma cell line (also
termed P3-NS-1-Ag4-1), which is readily available from the
NIGMS Human Genetic Mutant Cell Repository by request-
ing cell line repository number GM3573. Another mouse
myeloma cell line that may be used is the 8-azaguanine-
resistant mouse murine myeloma SP2/0 non-producer cell
line.

[0106] Methods for generating hybrids of antibody-pro-
ducing spleen or lymph node cells and myeloma cells
usually comprise mixing somatic cells with myeloma cells
in a 2:1 proportion, though the proportion may vary from
about 20:1 to about 1:1, respectively, in the presence of an
agent or agents (chemical or electrical) that promote the
fusion of cell membranes. Fusion methods using Sendai
virus have been described by Kohler and Milstein (1975;
1976), and those using polyethylene glycol (PEG), such as
37% (v/v) PEG, by Gefter et al. (1977). The use of electri-
cally induced fusion methods also is appropriate (Goding
pp. 71-74, 1986).

[0107] Fusion procedures usually produce viable hybrids
at low frequencies, about 1x107° to 1x10~°. However, this
does not pose a problem, as the viable, fused hybrids are
differentiated from the parental, infused cells (particularly
the infused myeloma cells that would normally continue to
divide indefinitely) by culturing in a selective medium. The
selective medium is generally one that contains an agent that
blocks the de novo synthesis of nucleotides in the tissue
culture media. Exemplary agents are aminopterin, metho-
trexate, and azaserine. Aminopterin and methotrexate block
de novo synthesis of both purines and pyrimidines, whereas
azaserine blocks only purine synthesis. Where aminopterin
or methotrexate is used, the media is supplemented with
hypoxanthine and thymidine as a source of nucleotides
(HAT medium). Where azaserine is used, the media is
supplemented with hypoxanthine.

[0108] A particular selection medium is HAT. Only cells
capable of operating nucleotide salvage pathways are able to
survive in HAT medium. The myeloma cells are defective in
key enzymes of the salvage pathway, e.g., hypoxanthine
phosphoribosyl transferase (HPRT), and they cannot sur-
vive. The B cells can operate this pathway, but they have a
limited life span in culture and generally die within about
two weeks. Therefore, the only cells that can survive in the
selective media are those hybrids formed from myeloma and
B cells.

[0109] This culturing provides a population of hybridomas
from which specific hybridomas are selected. Typically,
selection of hybridomas is performed by culturing the cells
by single-clone dilution in microtiter plates, followed by
testing the individual clonal supernatants (after about two to
three weeks) for the desired reactivity. The assay should be
sensitive, simple and rapid, such as radioimmunoassays,
enzyme immunoassays, toxicity assays, plaque assays, dot
immunobinding assays, and the like. The selected hybrido-
mas would then be serially diluted and cloned into indi-
vidual antibody-producing cell lines, which clones can then
be propagated indefinitely to provide mAbs. The cell lines
may be exploited for mAb production in two basic ways.
[0110] A sample of the hybridoma can be injected (often
into the peritoneal cavity) into a histocompatible animal of
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the type that was used to provide the somatic and myeloma
cells for the original fusion (e.g., a syngeneic mouse).
Optionally, the animals are primed with a hydrocarbon,
especially oils such as pristane (tetramethylpentadecane)
prior to injection. The injected animal develops tumors
secreting the specific monoclonal antibody produced by the
fused cell hybrid. The body fluids of the animal, such as
serum or ascites fluid, can then be tapped to provide mAbs
in high concentration.

[0111] The individual cell lines could also be cultured in
vitro, where the mAbs are naturally secreted into the culture
medium from which they can be readily obtained in high
concentrations. mAbs produced by either means may be
further purified, if desired, using filtration, centrifugation
and various chromatographic methods such as HPLC or
affinity chromatography. Fragments of the monoclonal anti-
bodies of the disclosure can be obtained from the purified
monoclonal antibodies by methods that include digestion
with enzymes, such as pepsin or papain, and/or by cleavage
of disulfide bonds by chemical reduction. Alternatively,
monoclonal antibody fragments encompassed by the present
disclosure can be synthesized using an automated peptide
synthesizer.

[0112] It also is contemplated that a molecular cloning
approach may be used to generate monoclonals. For this,
combinatorial immunoglobulin phagemid libraries are pre-
pared from RNA isolated from the spleen of the immunized
animal, and phagemids expressing appropriate antibodies
are selected by panning using cells expressing the antigen
and control cells e.g., normal-versus-tumor cells. The advan-
tages of this approach over conventional hybridoma tech-
niques are that approximately 10* times as many antibodies
can be produced and screened in a single round, and that new
specificities are generated by H and L chain combination
which further increases the chance of finding appropriate
antibodies.

[0113]

[0114] The present disclosure thus concerns immunode-
tection methods for binding, quantifying or otherwise gen-
erally detecting polyPs. The steps of various useful immu-
nodetection methods have been described in the scientific
literature, such as, e.g., Nakamura et al. (1987); incorporated
herein by reference. Immunoassays, in their most simple and
direct sense, are binding assays. Certain immunoassays are
the various types of enzyme linked immunosorbent assays
(ELISAs), radioimmunoassays (RIA) and immunobead cap-
ture assay. However, it will be readily appreciated that
detection is not limited to such techniques, and Western
blotting, dot blotting, and the like also may be used in
connection with the present disclosure.

[0115] In general, immunobinding methods include
obtaining a sample suspected of containing a polyP, or
fragment, and contacting the sample (such as blood, serum
or plasma) with an antibody or protein or peptide in accor-
dance with the present disclosure, as the case may be, under
conditions effective to allow the formation of immunocom-
plexes.

[0116] The immunobinding methods of this disclosure
include methods for detecting or quantifying the amount of
a reactive component in a sample, which methods require
the detection or quantitation of any immune complexes
formed during the binding process. Here, one would obtain
a sample suspected of containing extracellular polyP, and
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contact the sample with an antibody, and then detect or
quantify the amount of immune complexes formed under the
specific conditions.

[0117] Contacting the chosen biological sample with the
antibody or antisera under conditions effective and for a
period of time sufficient to allow the formation of immune
complexes (primary immune complexes) is generally a
matter of simply adding the composition to the sample and
incubating the mixture for a period of time long enough for
the antibodies to form immune complexes with extracellular
polyPs. After this time, the sample-antibody composition
will generally be washed to remove any non-specifically
bound antibody species, allowing only those antibodies
specifically bound within the primary immune complexes to
be detected.

[0118] In general, the detection of immunocomplex for-
mation is well known in the art and may be achieved through
the application of numerous approaches. These methods are
generally based upon the detection of a label or marker, such
as any radioactive, fluorescent, biological or enzymatic tags
or labels of standard use in the art. U.S. patents concerning
the use of such labels include U.S. Pat. No. 3,817,837; U.S.
Pat. No. 3,850,752; U.S. Pat. No. 3,939,350; U.S. Pat. No.
3,996,345; U.S. Pat. No. 4,277,437, U.S. Pat. No. 4,275,149
and U.S. Pat. No. 4,366,241, each incorporated herein by
reference.

[0119] In certain embodiments, the first added component
that becomes bound within the primary immune complexes
may be detected by means of a second binding ligand that
has binding affinity for the encoded protein, peptide or
corresponding antibody. In these cases, the second binding
ligand may be linked to a detectable label. The second
binding ligand is itself often an antibody, which may thus be
termed a “secondary” antibody. The primary immune com-
plexes are contacted with the labeled, secondary binding
ligand, or antibody, under conditions effective and for a
period of time sufficient to allow the formation of secondary
immune complexes. The secondary immune complexes are
then generally washed to remove any non-specifically bound
labeled secondary antibodies or ligands, and the remaining
label in the secondary immune complexes is then detected.
[0120] Further methods include the detection of primary
immune complexes by a two step approach. A second
binding ligand, such as an antibody, that has binding affinity
for the encoded protein, peptide or corresponding antibody
is used to form secondary immune complexes, as described
above. After washing, the secondary immune complexes are
contacted with a third binding ligand or antibody that has
binding affinity for the second antibody, again under con-
ditions effective and for a period of time sufficient to allow
the formation of immune complexes (tertiary immune com-
plexes). The third ligand or antibody is linked to a detectable
label, allowing detection of the tertiary immune complexes
thus formed. This system may provide for signal amplifica-
tion if this is desired.

[0121] Of particular interest in the present disclosure are
enzyme linked immunosorbent assays, known as ELISAs. In
one exemplary ELISA, antibodies binding to the encoded
proteins of the disclosure are immobilized directly in a well
in a polystyrene microtiter plate. Then, a test composition
suspected of containing the extracellular polyPs is added to
the wells. After binding and washing to remove non-spe-
cifically bound immunocomplexes, the bound antigen may
be detected.
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[0122] Detection is generally achieved by the addition of
a second antibody specific for the target antigen or other
detection method, which is linked to a detectable label. This
type of ELISA is a simple “sandwich ELISA.” Detection
also may be achieved by the addition of a biotinylated
second antibody against polyP, followed by the addition of
avidin or streptavidin that has been linked to a detectable
label.

[0123] In another exemplary ELISA, the samples sus-
pected of containing the extracellular polyPs are immobi-
lized onto the well surface and then contacted with the
antibodies of the disclosure. After binding and washing to
remove non-specifically bound immune complexes, the
bound antibody is detected. Where the initial antibodies are
linked to a detectable label, the immune complexes may be
detected directly. Again, the immune complexes may be
detected using a second antibody that lias binding affinity for
the first antibody, with the second antibody being linked to
a detectable label.

[0124] Another ELISA in which the extracellular polyPs
are immobilized, involves the use of antibody competition in
the detection. In this ELISA, labeled antibodies are added to
the wells, allowed to bind to the extracellular polyPs and
detected by means of their label. The amount of marker
antigen in an unknown sample is then determined by mixing
the sample with the labeled antibodies before or during
incubation with coated wells. The presence of marker anti-
gen in the sample acts to reduce the amount of antibody
available for binding to the well and thus reduces the
ultimate signal. This is appropriate for detecting antibodies
in an unknown sample, where the unlabeled antibodies bind
to the antigen-coated wells and also reduces the amount of
antigen available to bind the labeled antibodies.

[0125] Irrespective of the format employed, ELISAs have
certain features in common, such as coating, incubating or
binding, washing to remove non-specifically bound species,
and detecting the bound immune complexes. For example,
in coating a plate with either antigen or antibody, one will
generally incubate the wells of the plate with a solution of
the antigen or antibody, either overnight or for a specified
period of hours. The wells of the plate will then be washed
to remove incompletely adsorbed material. Any remaining
available surfaces of the wells are then “coated” with a
nonspecific protein that is antigenically neutral with regard
to the test antisera. These include bovine serum albumin
(BSA), casein and solutions of milk powder. The coating
allows for blocking of nonspecific adsorption sites on the
immobilizing surface and thus reduces the background
caused by nonspecific binding of antisera onto the surface.
[0126] In ELISAs, it is more customary to use a secondary
or tertiary detection means rather than a direct procedure.
Thus, after binding of a protein or antibody to the well,
coating with a non-reactive material to reduce background,
and washing to remove unbound material, the immobilizing
surface is contacted with a control and sample to be tested
under conditions effective to allow immune complex (anti-
gen/antibody) formation. Detection of the immune complex
then requires a labeled secondary binding ligand or antibody,
or a secondary binding ligand or antibody in conjunction
with a labeled tertiary antibody or third binding ligand.
[0127] “Under conditions effective to allow immune com-
plex (antigen/antibody) formation” means that the condi-
tions preferably include diluting the antigens and antibodies
with solutions such as BSA, bovine gamma globulin (BGG)
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and phosphate buffered saline (PBS)/Tween. These added
agents also tend to assist in the reduction of nonspecific
background.

[0128] The “suitable” conditions also mean that the incu-
bation is at a temperature and for a period of time sufficient
to allow effective binding. Incubation steps are typically
from about 1 to 2 to 4 hrs, at temperatures preferably on the
order of 25.degree. C. to 27.degree. C., or may be overnight
at about 4.degree. C. or so.

[0129] Following all incubation steps in an ELISA, the
contacted surface is washed so as to remove non-complexed
material. A washing procedure includes washing with a
solution such as PBS/Tween, or borate buffer. Following the
formation of specific immune complexes between the test
sample and the originally bound material, and subsequent
washing, the occurrence of even minute amounts of immune
complexes may be determined.

[0130] To provide a detecting means, the second or third
antibody will have an associated label to allow detection.
Preferably, this will be an enzyme that will generate color
development upon incubating with an appropriate chro-
mogenic substrate. Thus, for example, one will desire to
contact and incubate the first or second immune complex
with a urease, glucose oxidase, alkaline phosphatase or
hydrogen peroxidase-conjugated antibody for a period of
time and under conditions that favor the development of
further immune complex formation (e.g., incubation for 2
hrs at room temperature in a PBS-containing solution such
as PBS-Tween).

[0131] After incubation with the labeled antibody, and
subsequent to washing to remove unbound material, the
amount of label is quantified, e.g., by incubation with a
chromogenic substrate such as urea and bromocresol purple
or 2,2'-azido-di-3-ethyl-benzothiazoline-6-sulfonic  acid
(ABTS) and H,0,, in the case of peroxidase as the enzyme
label. Quantitation is then achieved by measuring the degree
of color generation, e.g., using a visible spectra spectropho-
tometer.

IV. DIAGNOSIS AND THERAPY

[0132] In certain aspects, the present disclosure relates to
the diagnosis and treatment of disorders that have as a
component the production of toxic amounts of extracellular
polyPs. By using agents that bind and block the function of
the extracellular polyPs, the inventors seek to reduce and
inhibit the toxic effects of these molecules. In addition, the
presence of such extracellular polyPs, alone or in conjunc-
tion with other diagnostic features, may identify subjects at
risk of developing life-threatening hyper-inflammatory or
hyper-coagulation reactions. Thus, assays to detect extracel-
lular polyPs in samples, such as blood, plasma and serum,
also are proposed.

[0133] A. Diagnosis/Prognosis

[0134] In one aspect, the present disclosure will entail
obtaining a biological sample from a patient at risk of or
suspected of having a hyper-inflammatory or hyper-coagu-
lation condition involving extracellular polyP production
and toxicity. Biological samples will typically entail blood,
plasma or serum, but other fluids such as saliva, sputum,
cerebrospinal fluid, lung lavage, and urine may be utilized.
Employing the immunological assays described above, or
other techniques (e.g., mass spectrometry such as MALDI-
TOF), the polyP content of the sample is assessed, with
elevated levels of polyPs being indicative of a hyper-
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inflammatory or hyper-coagulation disorder. The subject
may then be treated, as discussed below, or simply moni-
tored for further progression or recovery.

[0135] B. Therapies

[0136] The present disclosure contemplates the use of
inhibitors of extracellular polyP toxicity to treat a variety of
hyper-inflammatory disease or hyper-coagulation disease or
other toxic states specified above. The inventors contem-
plate the use of antibodies to polyps. Also contemplated are
mixtures of agents, including at least one anti-polyP anti-
body with at least one anti-histone antibody.

[0137] The therapies may include mAbs at least one
anti-polyP antibody that may be humanized by any suitable
method, as are known to those of skill in the art, for
therapeutic administration to humans. The therapies may
include mAbs at least one anti-polyP antibody that are not
humanized for therapeutic administration to humans.
[0138] The therapies may include mAbs at least one
anti-histone antibody that may be humanized by any suitable
method, as are known to those of skill in the art, for
therapeutic administration to humans. The therapies may
include mAbs at least one anti-histone antibody that are not
humanized for therapeutic administration to humans.

[0139] Treatment regimens will vary depending on the
severity and type of disease, the overall health and age of the
patient, and various other conditions to be taken into account
by the treating physician. Multiple doses or treatments may
be applied, as well as “continuous” therapy where a small
amount of the therapeutic agent is provided continually over
an extended period of time. The agent may also be provided
in a single bolus administration, but is formulated to provide
delayed, timed or extended release of the active form.

[0140] In addition, combinations of an inhibitor of extra-
cellular polyP toxicity with other treatments may be used by
administration of a single composition or pharmacological
formulation that includes both multiple agents, or by admin-
istering two distinct compositions or formulations, at the
same time. Alternatively, one treatment may precede or
follow administration of the other by intervals ranging from
minutes to weeks. In embodiments where the two agents are
applied separately, one would generally ensure that a sig-
nificant period of time did not expire between the time of
each delivery, such that both agents would still be able to
exert an advantageously combined effect. In such instances,
it is contemplated that one would typically administer both
modalities within about 12-24 hours of each other and, more
preferably, within about 6-12 hours of each other, with a
delay time of only about 12 hours may be used. In some
situations, it may be desirable to extend the time period for
treatment significantly, however, where several days (2, 3, 4,
5, 6 or 7) to several weeks (1, 2, 3, 4, 5, 6, 7 or 8) lapse
between the respective administrations. It also is conceiv-
able that more than one administration of a drug will be
desired.

[0141] By way of illustration, the following permutations
based on 3 and 4 total administrations are exemplary, where
A represents a first inhibitor of extracellular polyP toxicity
and B represents a second drug (including a second inhibitor
of extracellular polyP toxicity):

[0142] A/B/AB/A/BB/B/AA/A/BB/A/AA/B/BB/B/B/A
B/B/A/B
[0143] A/A/B/B A/B/A/B A/B/B/A B/B/A/A B/A/B/A

B/A/A/B B/B/B/A
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[0144] A/A/A/B B/A/A/A A/B/A/JA A/A/B/A A/B/B/B
B/A/B/B B/B/AB

Other combinations are likewise contemplated.

[0145] C. Pharmaceutical Formulations and Routes of
Administration
[0146] Where clinical applications are contemplated,

pharmaceutical compositions including polyP, fragments
and anti-polyP antibodies, and mixtures thereof, will be
prepared in a form appropriate for the intended application.
Generally, this will entail preparing compositions that are
essentially free of pyrogens, as well as other impurities that
could be harmful to humans or animals.

[0147] One will generally desire to employ appropriate
salts and buffers to render delivery vectors stable and allow
for uptake by target cells. Buffers also will be employed
when recombinant cells are introduced into a patient. Aque-
ous compositions of the present disclosure comprise an
effective amount of the vector or cells, dissolved or dis-
persed in a pharmaceutically acceptable carrier or aqueous
medium. The phrase “pharmaceutically or pharmacologi-
cally acceptable” refer to molecular entities and composi-
tions that do not produce adverse, allergic, or other untoward
reactions when administered to an animal or a human. As
used herein, “pharmaceutically acceptable carrier” includes
solvents, butters, solutions, dispersion media, coatings, anti-
bacterial and antifungal agents, isotonic and absorption
delaying agents and the like acceptable for use in formulat-
ing pharmaceuticals, such as pharmaceuticals suitable for
administration to humans. The use of such media and agents
for pharmaceutically active substances is well known in the
art. Except insofar as any conventional media or agent is
incompatible with the active ingredients of the present
disclosure, its use in therapeutic compositions is contem-
plated. Supplementary active ingredients also can be incor-
porated into the compositions, provided they do not inacti-
vate the vectors or cells of the compositions.

[0148] The active compositions of the present disclosure
may include classic pharmaceutical preparations. Adminis-
tration of these compositions according to the present dis-
closure may be via any common route so long as the target
tissue is available via that route. This includes oral, nasal, or
buccal. Alternatively, administration may be by intradermal,
subcutaneous, intramuscular, intraperitoneal or intravenous
injection. Such compositions would normally be adminis-
tered as pharmaceutically acceptable compositions, as
described supra.

[0149] The active compounds may also be administered
parenterally or intraperitoneally. By way of illustration,
solutions of the active compounds as free base or pharma-
cologically acceptable salts can be prepared in water suit-
ably mixed with a surfactant, such as hydroxypropylcellu-
lose. Dispersions can also be prepared in glycerol, liquid
polyethylene glycols, and mixtures thereof and in oils.
Under ordinary conditions of storage and use, these prepa-
rations generally contain a preservative to prevent the
growth of microorganisms.

[0150] The pharmaceutical forms suitable for injectable
use include, for example, sterile aqueous solutions or dis-
persions and sterile powders for the extemporaneous prepa-
ration of sterile injectable solutions or dispersions. Gener-
ally, these preparations are sterile and fluid to the extent that
easy injectability exists. Preparations should be stable under
the conditions of manufacture and storage and should be
preserved against the contaminating action of microorgan-
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isms, such as bacteria and fungi. Appropriate solvents or
dispersion media may contain, for example, water, ethanol,
polyol (for example, glycerol, propylene glvcol, and liquid
polyethylene glycol, and the like), suitable mixtures thereof;
and vegetable oils. The proper fluidity can be maintained, for
example, by the use of a coating, such as lecithin, by the
maintenance of the required particle size in the case of
dispersion and by the use of surfactants. The prevention of
the action of microorganisms can be brought about by
various antibacterial an antifungal agents, for example,
parabens, chlorobutanol, phenol, sorbic acid, thimerosal,
and the like. In many cases, it will be preferable to include
isotonic agents, for example, sugars or sodium chloride.
Prolonged absorption of the injectable compositions can be
brought about by the use in the compositions of agents
delaying absorption, for example, aluminum monostearate
and gelatin.

[0151] Sterile injectable solutions may be prepared by
incorporating the active compounds in an appropriate
amount into a solvent along with any other ingredients (for
example as enumerated above) as desired, followed by
filtered sterilization. Generally, dispersions are prepared by
incorporating the various sterilized active ingredients into a
sterile vehicle which contains the basic dispersion medium
and the desired other ingredients, e.g., as enumerated above.
In the case of sterile powders for the preparation of sterile
injectable solutions, the methods of preparation include
vacuum-drying and freeze-drying techniques which yield a
powder of the active ingredient(s) plus any additional
desired ingredient from a previously sterile-filtered solution
thereof.

[0152] The compositions of the present disclosure gener-
ally may be formulated in a neutral or salt form. Pharma-
ceutically-acceptable salts include, for example, acid addi-
tion salts (formed with the free amino groups of the protein)
derived from inorganic acids (e.g., hydrochloric or phos-
phoric acids, or from organic acids (e.g., acetic, oxalic,
tartaric, mandelic, and the like. Salts formed with the free
carboxyl groups of the protein can also be derived from
inorganic bases (e.g., sodium, potassium, ammonium. cal-
cium, or ferric hydroxides) or from organic bases (e.g.,
isopropylamine, trimethylamine, histidine, procaine and the
like.

[0153] Upon formulation, solutions are preferably admin-
istered in a manner compatible with the dosage formulation
and in such amount as is therapeutically effective. The
formulations may easily be administered in a variety of
dosage forms such as injectable solutions, drug release
capsules and the like. For parenteral administration in an
aqueous solution, for example, the solution generally is
suitably buffered and the liquid diluent first rendered iso-
tonic for example with sufficient saline or glucose. Such
aqueous solutions may be used, for example, for intrave-
nous, intraarterial, intramuscular, subcutaneous and intrap-
eritoneal administration. Preferably, sterile aqueous media
are employed as is known to those of skill in the art,
particularly in light of the present disclosure. By way of
illustration, a single dose may be dissolved in 1 ml of
isotonic NaCl solution and either added to 1000 ml of
hypodermoclysis fluid injected at the proposed site of infu-
sion, (see for example, “Remington’s Pharmaceutical Sci-
ences” 15th Edition, pages 1035-1038 and 1570-1580).
Some variation in dosage will necessarily occur depending
on the condition of the subject being treated. The person
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responsible for administration will, in any event, determine
the appropriate dose for the individual subject. Moreover,
for human administration, preparations should meet sterility,
pyrogenicity, general safety and purity standards as required
by FDA Office of Biologics standards.

V. EXAMPLES

[0154] The following example is included to demonstrate
embodiments of the disclosure. It should be appreciated by
those of skill in the art that the techniques disclosed in the
examples which follow represent techniques discovered by
the inventor to function well in the practice of the disclosure,
and thus can be considered to constitute modes for its
practice. However, those of skill in the art should, in light of
the present disclosure, appreciate that many changes can be
made in the specific embodiments which are disclosed and
still obtain a like or similar result without departing from the
spirit and scope of the disclosure.

Example 1

[0155] Autoimmune mice (NZBWF1/J) generate antibod-
ies against a variety of their own proteins, often intracellular
proteins. The auto immune mice were screened to determine
if any mice were producing antibodies to polyP. PolyP for
the assay was biotinylated and bound to the screening plate
via streptavidin. Antibodies that bound to the polyP were
then detected by a standard enzyme linked immune assay
(ELISA) using biotinylated polyP captured on 96-well plates
that had been coated with streptavidin.

[0156] Antibodies were detected and developed as mono-
clonal antibodies using standard technique. A particular
anti-polyP monoclonal antibody was named PP2055. How-
ever, other anti-polyP antibodies are contemplated from the
auto immune mice, and other antibody producing sources.

[0157] As shown in FIG. 2, in coagulation assays in which
coagulation was initiated by recalcification of citrated
human plasma in the presence of polyP, the polyP shortened
the clotting time relative to control without polyP. Addition
of PP2055 in the presence of polyP neutralized most of the
polyP clot promoting activity, when the anti-polyP antibody
concentration was high enough. On the other hand, rat IgG
did not significantly neutralize the polyP clot promoting
activity, and neither did a lower concentration of the anti-
polyP antibody. The mice were used according to an animal
protocol approved by Institutional Animal Care and Use
Committees of the Oklahoma Medical Research Foundation.

[0158] As shown in FIG. 3, neutralizing antibodies against
polyP protected against death of the mice in the acute
inflammatory model. In vivo, lipopolysaccharide (LPS)
induces coagulation and can induce death. 10 mg/kg of LPS
L6511 was administered to C57BL6/J mice by retroorbital
injection. Response of the mice to the administration was
examined. Most of the LPS-administered mice died, while
most of the mice administered LPS plus PP2055 lived,
which is a significant difference in outcome for the 2 mouse
populations.

[0159] As shown in FIG. 4, PP2055 decreases coagulation
in mice. As a surrogate for coagulation, the thrombin-
antithrombin complex (TAT) levels in the mouse plasma
were determined using the TAT kit from Siemens. Blood was
taken by heart puncture 4 hours after LPS administration.
The administration of PP2055 decreased the TAT levels
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approximately 50% suggesting that polyP is a major con-
tributor to the coagulation induced by LPS, which is a
significant difference.

[0160] FIG. 5 shows the results of coagulation assays in
which coagulation was initiated by recalcification of citrated
human plasma in the presence of polyP. The addition of
polyP shortened the clotting time relative to control without
polyP, which is indicated by a horizontal dotted line. Addi-
tion of anti-polyP antibodies 2055, 2059, 2060 or 2071 all
caused a prolongation of the clotting time in a dose-depen-
dent manner, with antibody 2071 showing the greatest
ability to block the clotting activity of polyP.

[0161] FIG. 6 shows the results of coagulation assays in
which coagulation was initiated by recalcification of citrated
human plasma in the presence of RNA (polyguanylic acid).
The addition of RNA shortened the clotting time relative to
control without RNA, which is indicated by a horizontal
dotted line. Addition of anti-polyP antibodies 2059 or 2071
caused a prolongation of the clotting time in a dose-depen-
dent manner.

[0162] FIG. 7 shows the results of plasma coagulation
assays in which coagulation was initiated by either long-
chain polyP (left panel) or RNA (right panel). The RNA used
in this experiment was polyguanylic acid. Adding polyP or
RNA to plasma shortened the clotting time relative to that
observed with no added activator, as indicated by the hori-
zontal dotted lines. The addition of anti-polyP antibody 2059
caused a prolongation of the clotting time in a dose-depen-
dent manner.

[0163] All of the compositions and methods disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this disclosure have been
described in terms of embodiments, it will be apparent to
those of skill in the art that variations may be applied to the
compositions and methods, and in the steps or in the
sequence of steps of the method described herein, without
departing from the concept, spirit and scope of the disclo-
sure. More specifically, it will be apparent that certain agents
which are both chemically and physiologically related may
be substituted for the agents described herein while the same
or similar results would be achieved. All such similar
substitutes and modifications apparent to those skilled in the
art are deemed to be within the spirit, scope and concept of
the disclosure as defined by the appended claims.
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What is claimed:
1. A method of inhibiting a medical condition involving
extracellular polyphosphate toxicity in a subject comprising
administering to said subject an anti-polyphosphate anti-
body.
2. The method of claim 1, wherein said medical condition
comprises hyper-inflammation.
3. The method of claim 2, wherein said medical condition
comprises hyper-coagulation.
4. The method of claim 1, wherein said medical condition
comprises hyper-coagulation.
5. The method of claim 1, wherein said anti-polyphos-
phate antibody reduces disseminated intravascular coagula-
tion in sepsis.
6. The method of claim 1, wherein said anti-polyphos-
phate antibody minimizes postsurgical thrombosis.
7. The method of claim 1, wherein said anti-polyphos-
phate antibody decreases lung injury in acute respiratory
distress syndrome.
8. The method of claim 1, wherein said anti-polyphos-
phate antibody reduces both coagulation and inflammatory
pathway responses, thereby decreasing inflammation and
edema due to bradykinin generation associated with the
medical condition.
9. The method of claim 1, wherein said anti-polyphos-
phate antibody inhibits pro-inflammatory cytokine produc-
tion by endothelial cells in said subject.
10. The method of claim 9, wherein pro-inflammatory
cytokine is IL-6 or IL-8.
11. The method of claim 1, further comprising adminis-
tering to said subject an anti-histone antibody to inhibit said
medical condition involving extracellular polyphosphate
toxicity in the subject.
12. The method of claim 1, further comprising:
determining an extracellular polyphosphate content in a
serum or plasma sample from said subject; and

adjusting a dosage of said administered anti-polyphos-
phate antibody responsive to said extracellular poly-
phosphate content.
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13. The method of claim 1, wherein said medical condi-
tion is selected from the group consisting of bacterial sepsis,
anthrax, virus, Ebola, fungal sepsis, hemorrhagic fevers,
surgery, traumatic hemorrhage and/or tissue damage, edema,
trauma, acute pancreatitis, acute respiratory distress syn-
drome, ischemia-reperfusion injury, vascular leak, circula-
tory shock, cancer, cardiovascular disease, autoimmune dis-
ease, chemotherapy toxicity, radiotherapy toxicity, cytokine
therapy toxicity and burn.

14. A method of assessing a disease state of a subject
comprising:

obtaining a scrum or plasma sample from said subject;

and

determining the extracellular polyphosphate content of

said sample, wherein a measurement of extracellular
polyphosphate in said sample indicates existence or
status of the disease state of the subject.

15. The method of claim 14, wherein the measurement of
the extracellular polyphosphate provides a diagnosis of the
disease state.

16. The method of claim 14, wherein the measurement of
the extracellular phosphate provides a prognosis of the
disease state.

17. The method of claim 14, wherein the measurement of
the extracellular phosphate indicates a treatment response of
the disease state.

18. The method of claim 14, wherein the measurement of
the extracellular polyphosphate provides a diagnosis of the
discase state, and the diagnosis is used to determine the
treatment for said subject.

19. The method of claim 14, wherein the measurement of
the extracellular phosphate provides a prognosis of the
discase state, and the prognosis is used to determine the
treatment for said subject.

20. The method of claim 14, wherein the measurement of
the extracellular phosphate indicates a treatment response of
the disease state, and the treatment response is used to
determine further treatment for said subject.

21. The method of claim 14, wherein the determining step
comprises ELISA or Western blotting using anti-polyphos-
phate antibodies.

22. The method of claim 14, further comprising treating
said subject with an inhibitor of extracellular polyphosphate
toxicity.

23. The method of claim 14, wherein said subject is
selected from a group consisting of human, dog, cat, horse,
monkey, mouse, rat, rabbit, sheep, goat, cow, and pig.

24. A medical device configured for inhibiting a medical
condition involving extracellular polyphosphate toxicity in a
subject comprising neutralizing polyphosphate during extra-
corporeal blood flow from the subject, such that the blood
flow returned to the subject has reduced extracellular poly-
phosphate toxicity.

25. The medical device of claim 24, wherein the extra-
corporeal blood flow is through a cardiac bypass machine
used during cardiac bypass surgery.

26. The medical device of claim 24, wherein the extra
corporeal blood flow is via extracorporeal life-support con-
figured for cardiac and/or respiratory support that allows the
heart and/or lungs of the subject to rest and recover.

27. The medical device of claim 24, wherein said subject
is selected from a group consisting of human, dog, cat,
horse, monkey, mouse, rat, rabbit, sheep, goat, cow, and pig.
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28. The medical device of claim 24, wherein said medical
condition is selected from the group consisting of bacterial
sepsis, anthrax, virus, Ebola, fungal sepsis, hemorrhagic
fevers, surgery, traumatic hemorrhage and/or tissue damage,
edema, trauma, acute pancreatitis, acute respiratory distress
syndrome, ischemia-reperfusion injury, vascular leak, circu-
latory shock, cancer, cardiovascular disease, autoimmune
disease, chemotherapy toxicity, radiotherapy toxicity,
cytokine therapy toxicity and burn.

29. A method of inhibiting a medical condition involving
extracellular polyphosphate toxicity in a subject comprising
administering to said subject an anti-polyphosphate anti-
body in vivo, wherein said anti-polyphosphate antibody
crossed reacts with a ribonucleic acid or deoxyribonucleic
acid.

30. The method of claim 29, wherein said medical con-
dition is selected from the group consisting of bacterial
sepsis, anthrax, virus, Ebola, fungal sepsis, hemorrhagic
fevers, surgery, traumatic hemorrhage and/or tissue damage,
edema, trauma, acute pancreatitis, acute respiratory distress
syndrome, ischemia-reperfusion injury, vascular leak, circu-
latory shock, cancer, cardiovascular disease, autoimmune
disease, chemotherapy toxicity, radiotherapy toxicity,
cytokine therapy toxicity and burn.
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