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(57) ABSTRACT

The instant invention relates generally to the use of IL-8 as a
biomarker in septic shock patients as an indicator of the
likelihood of survival. The instant invention further relates to
the use of IL-8 as a biomarker in septic shock patients for the
selection of appropriate therapies. The instant invention fur-
ther relates to the use of IL-8 as a biomarker for the purposes
of structuring, conducting, or evaluating clinical trials or data
from clinical trials.
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FIGURE 2

Nonsurvivor | Survivor
IL-8 > 220 pg/ml 14 43
IL-8 < 220 pg/mi 4 78

l

Sensitivity
78%
Cl 52 to 93%
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Specificity

64%
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——> PPV 25% (CI 14 to 38%)
LR 2.2(CI 1.6 to 3.1)

—> NPV 95% (CI 87 to 98%)
LR 0.3 (C1 0.1 t0 0.8)
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FIGURE 3
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Nonsurvivor | Survivor
IL-8 >220 pg/ml 22 99
IL-8 < 220 pg/ml 4 68
Sensitivity Specificity
85% 41%
Cl64t095%  CI33to 49%

— PPV 18% (CI 12 to 26%)
LR1.4(Cl1.2t01.7)

— NPV 94% (CI 86 to 98%)
LR0.4(CI0.2 10 0.9)
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FIGURE 4
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LR0.4(Cl0.2t00.7)
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BIOMARKERS FOR SEPTIC SHOCK
PATIENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 60/917,716, filed May 14,
2007, which application is hereby incorporated by reference
in its entirety and for all purposes whatsoever.

BACKGROUND OF THE INVENTION

[0002] Septic shock is the leading cause of morbidity and
mortality in the intensive care units. Despite increased knowl-
edge about the pathophysiology underlying the clinical
symptoms mortality remains high and has not decreased sub-
stantially over the last decades.

[0003] There are several causes of septic shock including
bacterial, fungal and viral infections as well as noninvasive
stimuli such as multiple trauma, severe burns, organ trans-
plantations and pancreatitis. The fatal outcome of septic
shock has recently been linked to the systemic release of
substantial amounts of various cytokines in the body.

[0004] Septic shock requires prompt treatment since the
patient’s condition often deteriorates rapidly. Symptoms of
septic shock include fever, hypothermia, falling blood pres-
sure, rapid breathing, rapid heartbeat, skin lesions and leak-
age of plasma proteins into the tissues, metabolic acidosis and
elevated plasma lactate. Septic shock is particularly charac-
terized by maldistribution of blood flow and disturbances in
tissue oxygen in various organs of the body. Distribution of
blood flow may become heterogenous with subsequent
under- and overperfusion of various tissues. These distur-
bances have been noted both at the macro- as well as at the
microcirculatory level. Septic patient usually die as a result of
poor tissue perfusion and injury followed by multiple organ
failure.

[0005] Pediatric septic shock continues to be an important
public health problem despite potent antibiotics and the
development of pediatric intensive care units (34). There are
approximately 42,000 cases per year of pediatric septic shock
in the United States, with a mortality rate of approximately
10%, and higher mortality rates in children with co-morbidi-
ties such as cancer and prematurity (39). A great deal of basic
research efforts have focused on the biological processes that
occur in septic shock. While highly informative, a relative
paucity of this information has been readily translated to the
bedside in the form of meaningful therapeutic advances for
children (12, 34). For example, multiple trials focused on
immune modulation strategies have been conducted in adults
with septic shock (1). Despite strong preclinical data, as well
as strong phase I and 11 data, the majority of these strategies
have failed when subjected to large scale, randomized pla-
cebo-controlled trials. Consequently, the majority of these
strategies have not been effectively tested in the pediatric
population. One notable exception is activated protein C,
which recently received Food and Drug Administration
approval for use in adults with septic shock (2, 4). Unfortu-
nately, a phase III trial of activated protein C in children with
septic shock was recently terminated early due to lack of
efficacy (14). Current care for pediatric septic shock remains
fundamentally based on antibiotics and supportive care (7,
34).
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[0006] Therapeutic drug trials in pediatric septic shock
have been universal failures to date. The most recent and
notable example is that of activated protein C (APC). APC
was recently approved by the FDA as the only drug specifi-
cally labeled for septic shock in adults. A phase III trial of
APC in children was recently terminated at interim analysis
secondary to lack of efficacy and a trend toward increased
complications. There is a well founded perception that a
primary reason why the pediatric APC trial failed was
because many of the enrolled patients were destined to do
well with standard care (i.e. they were not “sick” enough).
Thus, when patients are enrolled into a drug trial having
significant risks (hemorrhage), and they have a high likeli-
hood of doing well with standard care, the risk to benefit ratio
is negatively impacted for the overall patient cohort. Thus,
there is a need for more effective stratification of patients at
the time of enrollment.

[0007] Further, with respect to currently utilized and
emerging high risk therapies, there is a need to differentiate
septic shock patients who will respond to standard care from
those who may require more aggressive, but higher risk thera-
pies. There is further a need to identify such patients earlier in
time, such that treatment may be administered as soon as
possible.

BRIEF SUMMARY OF THE INVENTION

[0008] The instant invention relates generally to the use of
1L-8 as a biomarker in septic shock patients as an indicator of
the likelihood of survival.

[0009] The instant invention further relates to the use of
1L-8 as a biomarker in septic shock patients for the selection
of appropriate therapies.

[0010] The instant invention further relates to the use of
1L-8 as a biomarker for the purposes of structuring, conduct-
ing, or evaluating clinical trials or data from clinical trials.
[0011] Inoneaspect, the instant invention relates to the use
of IL-8 as a biomarker for patient stratification for purposes of
structuring, conducting, or evaluating clinical trials for the
therapies for septic shock, comprising the steps of identifying
an individual diagnosed with septic shock; determining IL-8
expression or protein level; comparing the determined IL-8
expressionor protein level to a set of predetermined values for
1L-8; then categorizing the individual for purposes of struc-
turing, conducting or evaluating the clinical trial. In one
embodiment, the described method may be retroactively
applied to data derived from a clinical data for septic shock,
wherein patients are stratified for the purposes of restructur-
ing or removing patient data.

[0012] Inanother aspect, the instant invention relates to the
use of IL-8 as a biomarker for patient stratification with
respect to the treatment of septic shock, comprising the steps
of identifying an individual diagnosed with septic shock;
determining IL.-8 expression or protein level, comparing the
determined IL-8 expression or protein level to a set of prede-
termined values for IL-8; followed by classifying the patient
as either appropriate or not appropriate for standard care.
[0013] In yet another aspect, the various embodiments of
the instant invention relate to the use of 1L.-8 as a biomarker in
pediatric patients diagnosed with septic shock, wherein the
biomarker is used for patient stratification in structuring, con-
ducting, or evaluating clinical trials for therapies for septic
shock. The various embodiments relate further to the use of
1L.-8 as a biomarker in pediatric patients diagnosed with sep-
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tic shock, wherein the biomarker is used for patient stratifi-
cation for purposes of determining the appropriate treatment
for septic shock.

[0014] Inanother embodiment, serum IL-8 may be used as
a biomarker for stratifying patients for the purpose of the
structuring, conducting, or evaluating of conducting thera-
peutic clinical trials focused on septic shock, particularly
pediatric septic shock. For example, serum IL-8 levels may be
used as a biomarker for exclusion of patients from such clini-
cal trials. In this embodiment, a statistically derived negative
or positive predictive value may be derived according to the
methods described herein and used to stratify a patient popu-
lation. In one embodiment, an interventional trial in septic
shock uses a serum IL-8 level of less than about 200 pg/ml,
205 pg/ml, 210 pg/ml, 215 pg/ml, 220 pg/ml, 225 pg/ml, 230
pg/ml, 235 pg/ml, 240 pg/ml, 245 pg/ml or 250 pg/ml, to
exclude patients that would otherwise be included based on
clinical criteria.

[0015] In another embodiment, an interventional trial in
septic shock uses a serum IL-8 level of less than about 200
pg/ml, 210 pg/ml, 220 pg/ml, 220 pg/ml, 240 pg/ml, 250
pg/ml, 260 pg/ml, 270 pg/ml, 280 pg/ml, 290 pg/ml or 300
pg/ml, to exclude patients that would otherwise be included
based on clinical criteria.

[0016] In another embodiment, an interventional trial in
septic shock uses a serum IL-8 level of less than about 300
pg/ml, 350 pg/ml, 400 pg/ml, 450 pg/ml, 500 pg/ml, 600
pg/ml, 700 pg/ml, 800 pg/ml, 900 pg/ml or less than about
1000 pg/ml, to exclude patients that would otherwise be
included based on clinical criteria. This strategy would allow
the trial to generate a more favorable risk to benefit ratio, and
thus ahigher likelihood of adequately assessing efficacy. This
strategy may also be employed in post-hoc analysis of clinical
trials, whereby data from subjects having IL-8 levels in a
range described above, are eliminated from the data set.
[0017] Inayet furtheraspect, the instant invention relates to
methods for the stratification of patients for purposes of struc-
turing, conducting, or evaluating clinical trials for the thera-
pies for septic shock, comprising the steps of identifying an
individual suspected of having septic shock, obtaining a bio-
logical sample from the individual, determining the levels of
1L-8 in the biological sample, then identifying the individual
or data from an individual as appropriate for a clinical trial,
wherein the individual or data from such individual having
levels of TL-8 less than about 1000 pg/ml, or less than about
500 pg/ml or less than about 300 pg/ml or less than about 220
pg/ml, is excluded from the clinical trial.

[0018] In other embodiments, the instant invention relates
to methods for the stratification of patients for determining
the effective course of treatment, comprising the steps of
identifying an individual suspected of having septic shock,
obtaining a biological sample from the individual, determin-
ing the levels of IL-8 protein in the biological sample, then
identifying the individual as appropriate for a particular treat-
ment, wherein individuals having levels of IL-8 protein less
than about 220 pg/ml, are considered appropriate candidates
for standard care. Conversely, individuals having IL-8 levels
greater than about 1000 pg/ml, or greater than about 1500
pg/ml may be considered as candidates for active agents that
have been identified as efficacious for the treatment of septic
shock in trials using IL-8 levels as exclusion criteria, or for
other higher risk therapies. Individuals having IL-8 protein
levels of less than about 1000 pg/ml, or less than about 500
pg/ml or less than about 300 pg/ml may be considered appro-
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priate candidates for standard care, at the judgment of the
treating physician or person conducting, structuring, or evalu-
ating a clinical trial in accordance with the methods and
disclosure herein.

[0019] Inparticular, the instant invention relates to point of
care testing wherein IL-8 protein or expression is detected,
and diagnostic tools embodying the same, wherein individu-
als can be stratified for purposes of treatment, or for purposes
of structuring, conducting, or evaluating a clinical trial forthe
treatment of septic shock.

[0020] In other embodiments, the instant invention relates
to the use of IL8 as a biomarker for the purposes described
above, wherein mRNA levels of 118 are determined and used
to stratify patients for treatment or for purposes of structuring,
conducting, or evaluating a clinical trial for the treatment of
septic shock.

BRIEF DESCRIPTION OF THE DRAWING
[0021] FIG. 1: Receiver operating curve (ROC) used for
derivation of IL-8 cutoff >220 pg/ml having a 75% specificity
and a 75% sensitivity for predicting 28 day mortality in chil-
dren with septic shock. The patient cohort used to generate the
ROC consists of 40 patients with septic shock (8 nonsurvi-
vors) as previously reported (6). Area under the curve=0.857;
95% confidence interval=0.676 to 0.999; standard error=0.
093; p value=0.002.
[0022] FIG. 2: Contingency table depicting sensitivity,
specificity, positive predictive value (PPV), negative predic-
tive value (NPV), for 28 day mortality, of IL-8 cutoff (220
pg/ml) when applied to validation data set #1 (n=139
patients). Also shown are the mortality likelihood ratios (LR)
for a positive test (IL-8>220 pg/m1) and a negative test (IL-
8=220 pg/ml), respectively. Note that an IL8 serum level
=220pg/ml has a negative predictive value of 95% for 28 day
mortality when applied to validation data set #1, with a con-
fidence interval (CT) of 87% to 98%.
[0023] FIG. 3: Contingency table depicting sensitivity,
specificity, positive predictive value (PPV), negative predic-
tive value (NPV), for 28 day mortality, of IL-8 cutoff (220
pg/ml) when prospectively applied to validation data set #2
(n=193). Also shown are the mortality likelihood ratios (LR)
for a positive test (IL-8>220 pg/m1) and a negative test (IL-
8=220 pg/ml), respectively. Note that an IL8 serum level
=220pg/ml has a negative predictive value of 94% for 28 day
mortality when prospectively applied to validation data set
#2, with a confidence interval (CI) of 86% to 98%.
[0024] FIG. 4: Contingency table depicting sensitivity,
specificity, positive predictive value (PPV), negative predic-
tive value (NPV), for 28 day mortality, of IL-8 cutoff (220
pg/ml) when applied to the combined validation data sets #1
and #2 (n=332). Also shown are the mortality likelihood
ratios (LR) for a positive test (IL-8>220 pg/ml) and a negative
test (IL-8=220 pg/ml), respectively. Note that an IL8 serum
level =220 pg/ml has a negative predictive value of 95% for
28 day mortality when applied to combined validation data
sets #1 and #2, with a confidence interval (CI) of 90% to 98%.
[0025] FIG. 5: An IL8 cutoff value of 220 pg/ml segregates
children with septic shock into two significantly different risk
groups for 28 day mortality (p<0.001, Chi-square). Data are
derived from 332 patients after combining validation data sets
#1 and #2.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

[0026] For convenience, certain terms employed in the
specification, examples and claims are collected here. These
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definitions should be read in light of the remainder of the
disclosure and understood as by a person of skill in the art.
Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by a person of ordinary skill in the art. Although any methods
and materials similar or equivalent to those described herein
can be used in the practice or testing of the present invention,
the preferred methods, devices, and materials are now
described. All references, publications, patents, patent appli-
cations, and commercial materials mentioned herein are
incorporated herein by reference for the purpose of describ-
ing and disclosing the materials and/or methodologies which
are reported in the publications which might be used in con-
nection with the invention. Nothing herein is to be construed
as an admission that the invention is not entitled to antedate
such disclosure by virtue of prior invention. In order to pro-
vide a clear and consistent understanding of the specification
and claims, including the scope to be given such terms, the
following definitions are provided:

[0027] The articles “a” and “an” are used herein to refer to
one or to more than one (i.e., to at least one) of the grammati-
cal object of the article. By way of example, “an element”
means one element or more than one element.

[0028] A “biological sample” encompasses any sample
obtained from a living system or subject. The definition
encompasses blood, serum, tissue, and other samples of bio-
logical origin that can be collected from a living system,
subject or individual. Preferably, biological samples are
obtained through sampling by minimally invasive or non-
invasive approaches (e.g., urine collection, stool collection,
blood drawing, needle aspiration, and other procedures
involving minimal risk, discomfort or effort). Biological
samples can be gaseous (e.g., exhaled breath). Biological
samples are often liquid (sometimes referred to as a “biologi-
cal fluid”). Liquid biological samples include, but are not
limited to, urine, blood, interstitial fluid, edema fluid, saliva,
lacrimal fluid, inflammatory exudates, synovial fluid,
abscess, empyema or other infected fluid, cerebrospinal fluid,
sweat, pulmonary secretions (sputum), seminal fluid, feces,
bile, intestinal secretions, and others. Biological samples
include samples that have been manipulated in any way after
their procurement, such as by treatment with reagents, solu-
bilization, or enrichment for certain components, such as
proteins or polynucleotides. The term “biological sample”
also encompasses a clinical sample such as serum, plasma,
other biological fluid, or tissue samples, and also includes
cells in culture, cell supernatants and cell lysates.

[0029] As used herein, the term “biomarker” refers to a
physical, biochemical, or physiologic measurement from or
on the organism that represents a true or intended mechanistic
target of a compound or a mechanistic event believed to be
responsible for, or contributing in, a causal manner to the
initiation, progression, severity, pathology, aggressiveness,
grade, activity, disability, mortality, morbidity, disease sub-
classification or other underlying pathogenic or pathologic
feature of one or more diseases. A biomarker may be the
target for monitoring the outcome of a therapeutic interven-
tion (i.e., the functional or structural target of a drug agent).
“Biomarker” refers to biochemical processes that are
involved in, or are believed to be involved in, the etiology or
progression of a disease or disorder. The biochemical process
(i.e., the flow of molecules through a targeted metabolic path-
way or network) is the focus of analysis (as disclosed herein)
since it is the underlying changes of the biochemical process
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(i.e., molecular flux rates) that may be the significant or
authentic target for treatment or diagnostic monitoring of the
disease or disorder.

[0030] The terms “drug,” “pharmaceutically active agent,”
“bioactive agent,” “therapeutic agent,” and “active agent”
may be used interchangeably and refer to a substance, such as
a chemical compound or complex, that has a measurable
beneficial physiological effect on the body, such as a thera-
peutic effect in treatment of a disease or disorder, when
administered in an effective amount. Further, when these
terms are used, or when a particular active agent is specifi-
cally identified by name or category, itis understood that such
recitation is intended to include the active agent per se, as well
as pharmaceutically acceptable, pharmacologically active
derivatives thereof, or compounds significantly related
thereto, including without limitation, salts, pharmaceutically
acceptable salts, N-oxides, prodrugs, active metabolites, iso-
mers, fragments, analogs, solvates hydrates, radioisotopes,
etc.

[0031] “Higher risk” or “aggressive” therapy as used herein
will be understood by one of ordinary skill in the art and
includes, for example, plasmapheresis, high dose ultrafiltra-
tion, extracorporeal membrane oxygenation. Such therapies
are also intended to include newly developed therapies (e.g.,
active agents or invasive procedures) considered to be higher
risk therapies, and active agents that are considered higher
risk by one of skill in the art. To this end, Carcilllo, et al,
“Clinical practice parameters for hemodynamic support of
pediatric and neonatal patients in septic shock,” Crit. Care
Med. 2002 June; 30(6):1365-78, Dellinger R P et al., “Sur-
viving Sepsis Campaign guidelines for management of severe
sepsis and septic shock,” Crit. Care Med. 2004 March; 32(3):
858-73. and Annane D. et al, “Septic Shock,” Lancet, 2005
Jan. 1-7; 365(9453):63-68 are incorporated herein by refer-
ence.

[0032] An “individual” is a vertebrate, preferably a mam-
mal, more preferably a human.

[0033] The term “prophylactic” or “therapeutic” treatment
is art-recognized and refers to administration to the host of
one or more of the subject compositions. If it is administered
prior to clinical manifestation of the unwanted condition
(e.g., disease or other unwanted state of the host animal) then
the treatment is prophylactic, 1.e., it protects the host against
developing the unwanted condition, whereas if administered
after manifestation of the unwanted condition, the treatment
is therapeutic (i.e., it is intended to diminish, ameliorate or
maintain the existing unwanted condition or side effects
therefrom).

[0034] The phrase “standard care” with respect to septic
shockis known to one of ordinary skill in the art and generally
includes antibiotics and organ support.

[0035] The phrase “therapeutic effect” is art-recognized
and refers to a local or systemic effect in animals, particularly
mammals, and more particularly humans caused by a phar-
macologically active substance. The term thus means any
substance intended for use in the diagnosis, cure, mitigation,
treatmert or prevention of disease or in the enhancement of
desirable physical or mental development and/or conditions
in an animal or human. The phrase “therapeutically-effective
amount” means that amount of such a substance that produces
some desired local or systemic effect at a reasonable benefit/
risk ratio applicable to any treatment. The therapeutically
effective amount of such substance will vary depending upon
the individual and disease condition being treated, the weight
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and age of the individual, the severity of the disease condition,
the manner of administration and the like, which can readily
be, determined by one of ordinary skill in the art.

[0036] The term “treatment” refers to both therapeutic
treatment and prophylactic or preventative measures, wherein
the object is to prevent or slow down (lessen) the targeted
pathologic condition or disorder. Those in need of treatment
include those already with the disorder as well as those prone
to have the disorder or those in whom the disorder is to be
prevented.

[0037] The practice of the present invention will employ,
unless otherwise indicated, conventional techniques of
molecular biology (including recombinant techniques),
microbiology, cell biology and biochemistry, which are
within the skill of the art.

[0038] We have been addressing the problem of pediatric
septic shock through a translational research approach that
leverages the power of microarray technology and bioinfor-
matics. Over the last 4 years we have organized a national-
level research network that has allowed us to develop a
genomic databank of children with septic shock. The data-
bank now contains whole blood derived RNA, DMA, and
serum from over 250 subjects. As an initial approach to min-
ing this databank, we have conducted genome level expres-
sion profiles by way of microarray technology and have
recently published our first manuscript in this area (Wong et
al. Physiol Genomics. 2007 Mar. 20 [Epub ahead of print]).
The first approximation of the genome level expression pro-
files of pediatric septic shock indicates that this is a powerful
and feasible approach for discovering novel therapeutic tar-
gets and biomarkers.

[0039] The data presented herein were recently published
in Wong et al. Physiol Genomics. 2007 Mar. 20 attached, and
incorporated herein by reference. The data represent the “Day
17 (i.e. within 24 hours of admission to the pediatric intensive
care unit) genome-level expression profiles of 42 children
with septic shock relative to 15 normal control children.

Interleukin-8 as a Tool for Patient Stratification

[0040] Interleukin-8 (IL-8) is a 69-79 amino-acid cytokine
produced by various cell types including neutrophils, endot-
helium, microglia and astrocytes. IL-8 is now referred to as
CXCL8. In fact, of the more than 16,000 publications on
chemokines in the last two and half decades, nearly 7,000 of
these publications have cited IL-8/CXCLS. IL-8/CXCL8 is a
member of the CXC chemokine family that is also classified
by whether a member contains the three-amino acid sequence
of glutamic acid-leucine-arginine (Glu-Leu-Arg, “ELR”
motif) that immediately precedes the first cysteine amino acid
residue in the primary structure of the protein. The members
of the CXC chemokine family that contain this motif are
referred to as ELR+CXC chemokines and have their primary
biological effect in promoting neutrophil recruitment and
angiogenesis. The gene for IL-8/CXCLS8 is found on human
chromosome 4, q12-21, and consists of four exons and three
introns. The 5'-flanking region of IL-8/CXCLS8 contains the
usual “CCAAT” and “TATA” box-like structures. In addition,
this region has a number of potential binding sites for several
nuclear factors. The IL-8/CXCL8 promoter region is regu-
lated in a cell-specific fashion requiring a NF-kB element
plus either activator protein (AP)-1 or a C/EBP (NF-IL-6)
element under conditions of transcriptional induction with
tumor necrosis factor (TNF)- or IL-1. Although the IL-8/
CXCL8 promoter has two C/EBP (5'and 3') cis elements with
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NF-kB nested between them, the 5'-C/EBP element appears
to be the only C/EBP element involved in transcriptional
regulation of IL-8/CXCL8. These features of IL-8 are
described in Strieter, R., “Interleukin-8: a very important
chemokine of the human airway epithelium,” Am J Physiol
Lung Cell Mol Physiol 283: L688-1.689, 2002.

[0041] In one aspect of the invention, 1L-8 protein or
expression may be used as a biomarker for the stratification of
patients for purposes of structuring, conducting, or evaluating
clinical trials. This includes, but is not limited to, using IL-8
levels to define a patient’s entry into or exclusion from a
clinical trial; defining a particular patient as a control or test
subject; conducting post-hoc evaluation of clinical trial data;
or other uses related to structuring the clinical trial or result-
ing data.

[0042] In another embodiment, the invention relates to the
use of IL-8 protein or expression as a biomarker for the
stratification of patients for purposes of selecting the appro-
priate treatment for septic shock, wherein patients diagnosed
with septic shock can be characterized as either appropriate
candidates for standard care or higher risk therapies.

[0043] In the genome level expression profiles of pediatric
septic shock patients, we found 63 gene probes that were
differentially regulated between the survivors and nonsurvi-
vors in this patient cohort. One of these, interleukin-8 (IL-8)
was highly expressed among the nonsurvivors. Because IL-8
protein can be readily measured in serum, we chose this
particular gene for validation of our microarray data and
found that, indeed, nonsurvivors had significantly higher
serum levels of IL-8 protein compared to survivors (Wong et
al. Physiol Genomics. 2007 Mar. 20 [Epub ahead of print]).

[0044] As such, in one aspect of the instant invention is
provided a method for the stratification of patients diagnosed
with septic shock comprising the steps of: determining the
level of IL-8 protein or expression; comparing the IL-8 level
to a set of predetermined values as described herein; and
making a determination as to whether the patient or patient
data should be excluded from a trial as a test subject. In this
aspect of the instant invention, for example, a protein or
expression level of IL-8 correlating to a negative predictive
value for death of about 80-100%, or about 90-95% or about
95% indicates that the patient or patient data should be
excluded from a clinical trial. In yet a further aspect, 1L-8
protein levels may be used wherein a cut-off of less than about
1000 ng/ml, or about 500 ng/ml, or about 300 ng/ml, or about
220 ng/ml is a suitable cutoff value for determining whether
a patient or patient data should be excluded from a clinical
trial.

[0045] In an additional aspect of the instant invention is
provided a method for the stratification of patients diagnosed
with septic shock comprising the steps of: determining the
level of IL-8 protein or expression; comparing the 1L-8 level
to a set of predetermined values as described herein; and
making a determination as to whether the patient is appropri-
ate for standard care or for higher risk, more aggressive treat-
ment. In this aspect of the instant invention, for example, a
protein or expression level of IL-8 correlating to negative
predictive value for death ofabout 80-100%, or about 90-95%
or about 95% indicates that the patient is an appropriate
subject for standard care. In yet a further aspect, an IL-8
protein level cutoff of less than about 1000 ng/ml, or less than
about 500 ng/ml, or less than about 300 ng/ml, or less than
about 220 ng/ml is a suitable cutoff value for determining
whether a patient is appropriate for standard care. In this
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aspect of the invention, these methods may be used to deter-
mine whether a patient is likely to proceed to septic shock,
such that treatment for septic shock may be administered as
soon as possible.

[0046] In follow-up to this finding, we next generated a
receiver operating curve (unpublished data) and derived a
serum IL-8 level >220 pg/ml, within 24 hours of admission to
the pediatric intensive care unit, as having a sensitivity and
specificity of 75% for predicting death based on this training
data set of 40 patients. We next applied this cutoff, prospec-
tively, to a validation data set of 99 patients with septic shock
(10 nonsurvivors) and found that 8 of 10 nonsurvivors had a
serum IL-8 level >220 pg/ml (80% sensitivity) and 55 of 89
survivors had a serum IL-8 level <220 pg/ml (62% specific-
ity).

[0047] We next combined both the training data set and
validation data set (139 total patients with 18 nonsurvivors)
and derived the following observations regarding a serum
1L-8 level of 220 pg/ml:

[0048] A serum IL-8 level >220 pg/ml has a sensitivity of
78% and a specificity of 64% for predicting death in children
with septic shock.

[0049] A serum IL-8 level >220 pg/ml has a positive pre-
dictive value of 25% for death.

[0050] A serum IL-8 level <220 pg/ml has a negative pre-
dictive value of 95% for death.

[0051] The sensitivity, specificity, and positive predictive
value of IL-8, for this particular study, turn out to not be
particularly robust. The negative predictive value, however, is
quite robust: an IL-8 level <220 pg/ml predicted survival in
the context of septic shock with 95% certainty.

[0052] While a value of less than about 220 pg/ml IL-8 has
anegative predictive value of 95% for death, other values may
be used, as determined using standard methods as readily
appreciated by one of skill in the art. That is, the quality of the
differentiation between survivors and nonsurvivors having
sepsis is judged by sensitivity, specificity, positive predictive
value (PPV), and negative predicted value (NPV). The term
“sensitivity” refers to the ability of a test to identify individu-
als who are truly positive for a test parameter. The measure of
sensitivity is ratio of the number of subjects identified as
positive by the test method divided by the total number of
truly positive samples as determined by the reference method
(i.e., the true status). The term “specificity” refers to the
ability of a test to identify individuals who are truly negative
for the test parameter. The measure of specificity is the ratio of
the number of subjects identified as negative by the test
method divided by the total number of truly negative subjects
as determined by the reference method. The expression “posi-
tive predictive value” or “PPV” is the probability of being
truly positive given a positive test result. It is the ratio of the
number of truly positive subjects identified as positive by the
testmethod divided by the total number of positive subjects as
determined by the test method. The expression “negative
predictive value” or “NPV” is the probability of being truly
negative given a negative test result. With respect to the
instant methods, this is the probability of a subject being
appropriate for standard care. It is the ratio of the number of
truly negative subjects identified by the test method divided
by the total number of negative subjects as determined by the
test method. The expression “p value” is a parameter that
refers to the ability to separate two partially overlapping
populations using the chi® test. The smaller the value ofp, the
better is the separation between the two populations.
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[0053] Negative predictive value (NPV) can be calculated,
for example, using the following formula:

number of true negatives
NPV

~ Number of true negatives+ number of false negatives

[0054] Or, alternatively, NPV can be calculated using the
following:

specificityX (1 — prevalence
NPV P yx(l-p )

= Specificityx (1 - prevalence) + (1 — sensitivity) X prevalence

[0055] Specificity and sensitivity are terms of art and cal-
culations thereof may be readily determined by one of ordi-
nary skill in the art.

[0056] Using these calculations as applied to the instant
study population, yields, for example values of less than
about 1000 pg/ml, or less than about 500 pg/ml, or less than
about 300 pg/ml that may be used for the instant invention to
stratify patients having septic shock. One of skill in the art
will readily appreciate that protein or expression levels of
1L-8 and the corresponding negative or positive predictive
values may be determined and may fluctuate with respect to
the size and heterogeneity of a sample population. This aspect
of the instant invention is not necessarily limited to a specific
cutoff value, but to the use of IL.-8 as a biomarker for patient
stratification in general. Determination of the positive and
negative predictive values with respect to IL-8 levels inaccor-
dance with the scope of the present invention is well within
the scope of one of ordinary skill in the art.

[0057] Typically, in the clinical setting, with respect to pre-
dictive values, a 5% error is usually the upper limit of toler-
ance to declare something as significant. As such, in certain
embodiments, at least a 95% PPV or NPV may be used as a
basis for determining patient stratification in accordance with
the methods disclosed herein. In other embodiments however,
other statistically derived limits, for example, a PPV or NPV
of about 90-94% or about 85-90% or about 80-85% may be
used with the methods of the instant invention. The applica-
tion of these values in stratifying patients is at the judgment of
the treating clinician or the individual responsible for struc-
turing, conducting, or evaluating a clinical trial.

[0058] Depending on the sample population, one of ordi-
nary skill in the art, using the methods described herein, will
be able to readily derive predictive values from additional
sample populations and corresponding cut-off values for IL-8
(expression or protein levels). Expression or protein levels of
a given amount will typically correlate with various predic-
tive values. For example, the following IL-8 levels and cor-
responding negative predictive values for death were deter-
mined with respect to the study population described herein:
an IL-8 level of <1000 pg/ml has a negative predictive value
for death of about 92%, while an [L-8 level of <500 pg/ml has
a negative predictive value for death of about 92%, and an
1L-8 level of <300 pg/ml has a negative predictive value for
death of about 90%. As such, these provide examples of
calculated levels may be used as cutoff values for stratifica-
tion of patients with septic shock for structuring, conducting,
or evaluating clinical trials, or for stratification of patients for
selection of an appropriate treatment.
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[0059] We believe that this observation (the negative pre-
dictive value of 1L-8) is very powerful for the following
reasons. As discussed above, therapeutic drug trials in pedi-
atric septic shock have been universal failures to date. There
is a well founded perception that in the recent ARC trial, a
primary reason why the pediatric trial failed was because
many of the enrolled patients were destined to do well with
standard care (i.e. they were not “sick” enough), thereby
negatively impacting the risk to benefit ratio for the overall
patient cohort. Thus, there is a need for more effective strati-
fication of patients at the time of enrollment.

[0060] Accordingly, serum IL-8 may be used as a biomar-
ker for stratifying patients for the purpose of the structuring,
conducting, or evaluating of conducting therapeutic clinical
trials focused on septic shock, particularly pediatric septic
shock. For example, serum IL-8 levels may be used as a
biomarker for exclusion of patients from such clinical trials.
Inthis embodiment, a statistically derived negative or positive
predictive value may be derived according to the methods
described herein and used to stratify a patient population. In
one embodiment, an interventional trial in septic shock uses a
serum IL-8 level of less than about 200 pg/ml, 205 pg/ml, 210
pg/ml, 215 pg/ml, 220 pg/ml, 225 pg/ml, 230 pg/ml, 235
pg/ml, 240 pg/ml, 245 pg/mlor 250 pg/ml, to exclude patients
that would otherwise be included based on clinical criteria.
[0061] In another embodiment, an interventional trial in
septic shock uses a serum IL-8 level of less than about 200
pg/ml, 210 pg/ml, 220 pg/ml, 220 pg/ml, 240 pg/ml, 250
pg/ml, 260 pg/ml, 270 pg/ml, 280 pg/ml, 290 pg/ml or 300
pg/ml, to exclude patients that would otherwise be included
based on clinical criteria.

[0062] In another embodiment, an interventional trial in
septic shock uses a serum IL-8 level of less than about 300
pg/ml, 350 pg/ml, 400 pg/ml, 450 pg/ml, 500 pg/ml, 600
pg/ml, 700 pg/ml, 800 pg/ml, 900 pg/ml or less than about
1000 pg/ml, to exclude patients that would otherwise be
included based on clinical criteria. This strategy would allow
the trial to generate a more favorable risk to benefit ratio, and
thus a higher likelihood of adequately assessing efficacy. This
strategy may also be employed in post-hoc analysis of clinical
trials, whereby data from subjects having IL-8 levels in a
range described above, are eliminated from the data set.
[0063] In another embodiments, measurement of 1L-§ or
other high risk septic shock gene expression, or correspond-
ing protein levels, may be used to separate those patients that
are in need of drastic, higher risk treatments from those
patients who are likely to improve with less invasive thera-
pies, such as antibiotic treatment.

[0064] For example, a newborn with a high temperature
must be evaluated for foci of severe infection. This evaluation
can include invasive measures such as lumbar puncture in
order to rule out meningitis. Often the febrile newborn
requires hospitalization and treatment with broad spectrum
antibiotics until a source of the fever has been determined. If
a subgroup of the newborn population could be identified as
having a greater probability of surviving the incidence of
septic shock, diagnostic and therapeutic measures could be
tailored to the degree of risk. Lumbar puncture could be
restricted to the high-risk infant, for example. Brik, et al.,
“Evaluation of febrile infants under 3 months of age: is rou-
tine lumbar puncture warranted?” Isr. J. Med. Sci. 33(2):93-
97,1997. Or, for example, low risk infants could be managed
as outpatients or discharged quickly from the hospital, offer-
ing an important cost-saving in this era of managed care.
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Durongpisitkul, et al., “The appropriateness of early dis-
charge of hospitalized children with suspected sepsis,” I.
Fam. Pract. 44(1):91-96, 1997. Infants, children or other sub-
jects at particular risk for certain severe systemic infections
could be treated with infection-specific agents, or could be
treated earlier or more aggressively.

[0065] For example, serum levels below about 220 pg/mL
have a 95% negative predictive value for death, and correlate
to septic shock patients who are likely to benefit from stan-
dard care. Conversely, IL8 levels may be used to identify
patients diagnosed with septic shock likely to benefit from
more aggressive, higher risk therapies. Other predictive
ranges for mRNA levels of I1.-8 can also be used, and can be
readily determined using standard methods that are well
within the abilities of one with ordinary skill in the art as
described above.

[0066] Measurements of protein or mRNA may be carried
out using standard techniques known in the art. In one
embodiment, the outcome of the measurement is obtained
rapidly, within 24 hours or less, or about 3 hours, so that
suitable therapies may be given immediately. Relatively rapid
test measurements, such as dipsticks, test strips, chip tech-
nologies, tissue blots, or other methods can be used.

[0067] The various aspects of the instant invention as
described herein may also be applied to individuals diagnosed
with sepsis, or sepsis progressing to septic shock, or sepsis
likely to progress to septic shock.

Assays

[0068] Methods for determining the concentration of ana-
lytes in samples from individuals are well known in the art
and readily adapted by the skilled person in the context of the
present invention to determine the presence or amount of the
protein markers or fragments thereof, or antibodies against
the markers in a sample from a patient. The results of such
assays can in turn allow a physician to determine whether a
patient suffers from a condition or is at risk of developing
acute rejection or an associated condition. It may also allow
the physician to optimize the treatment of the conditions.
Thus, this allows for planning of appropriate therapeutic and/
or prophylactic treatment, permitting stream-lining of treat-
ment by targeting those most likely to benefit.

[0069] The methods typically employ a biological sample
from patient such as blood, serum, tissue, serum, urine or
other suitable body fluids. A preferred patient sample is
blood.

[0070] The assay methods for determining the concentra-
tion of the protein markers or antibodies typically employ
binding agents having binding sites capable of specifically
binding to protein markers, or fragments thereof, or antibod-
ies in preference to other molecules. Examples of binding
agents include antibodies, receptors and other molecules
capable of specifically binding the analyte of interest. Con-
veniently, the binding agents are immobilized on solid sup-
port, e.g. at defined, spatially separated locations, to make
them easy to manipulate during the assay.

[0071] The sample is generally contacted with the binding
agent(s) under appropriate conditions which allow the ana-
lyte in the sample to bind to the binding agent(s). The frac-
tional occupancy of the binding sites of the binding agent(s)
can then be determined either by directly or indirectly label-
ing the analyte or by using a developing agent or agents to
arrive at an indication of the presence or amount of the analyte
in the sample. Typically, the developing agents are directly or
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indirectly labeled (e.g. with radioactive, fluorescent or
enzyme labels, such as horseradish peroxidase) so that they
can be detected using techniques well known in the art.
Directly labeled developing agents have a label associated
with or coupled to the agent. Indirectly labeled developing
agents may be capable of binding to a labeled species (e.g. a
labeled antibody capable of binding to the developing agent)
or may act on a further species to produce a detectable result.
Thus, radioactive labels can be detected using a scintillation
counter or other radiation counting device, fluorescent labels
using a laser and confocal microscope, and enzyme labels by
the action of an enzyme label on a substrate, typically to
produce a color change. In further embodiments, the devel-
oping agent or analyte is tagged to allow its detection, e.g.
linked to a nucleotide sequence which can be amplified in a
PCR reaction to detect the analyte. Other labels are known to
those skilled in the art are discussed below. The developing
agent(s) can be used in a competitive method in which the
developing agent competes with the analyte for occupied
binding sites of the binding agent, or non-competitive
method, in which the labeled developing agent binds analyte
bound by the binding agent or to occupied binding sites. Both
methods provide an indication of the number of the binding
sites occupied by the analyte, and hence the concentration of
the analyte in the sample, e.g. by comparison with standards
obtained using samples containing known concentrations of
the analyte.

[0072] In alternative embodiments, the analyte can be
tagged before applying it to the support comprising the bind-
ing agent. In a preferred format, the presence or amount of a
marker set out in Table 2, or antibodies against these antigens,
is determined in an ELISA assay.

[0073] There s also an increasing tendency in the diagnos-
tic field towards miniaturization of such assays, e.g. making
use of binding agents (such as antibodies or nucleic acid
sequences) immobilized in small, discrete locations (mi-
crospots) and/or as arrays on solid supports or on diagnostic
chips. These approaches can be particularly valuable as they
can provide great sensitivity (particularly through the use of
fluorescent labeled reagents), require only very small
amounts of biological sample from individuals being tested
and allow a variety of separate assays can be carried out
simultaneously. This latter advantage can be useful as it pro-
vides an assay employing a plurality of analytes to be carried
out using a single sample. Examples of techniques enabling
this miniaturized technology are provided in WO84/01031,
WO88/01058, WO89/01157, W093/08472, W(095/18376,
WO95/18377, W095/24649 and EP 0373 203 A. Thus, in a
further aspect, the present invention provides a kit comprising
a support or diagnostic chip having immobilized thereon a
plurality of binding agents capable of specifically binding
different protein markers or antibodies, optionally in combi-
nation with other reagents (such as labeled developing
reagents) needed to carrying out an assay. In this connection,
the support may include binding agents specific for analytes
such as vimentin, e.g. as disclosed in U.S. Pat. No. 5,716,787.

Expression of Proteins

[0074] Following the identification of the protein markers
associated with acute rejection, large amounts of the protein
may be produced using expression techniques well known in
the art. The protein produced in this way may be used as a
binding agent, immobilizing it on solid support in an assay for
antibodies in a sample from a patient, or as an immunogen to
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produce antibodies. Alternatively, the protein, or fragments
thereof, may be used in the therapeutic treatment of organ
transplant rejection, i.e. to ameliorate the deleterious effect of
the antibodies.

[0075] Systems for cloning and expression of a polypeptide
in a variety of different host cells are well known. Suitable
host cells include bacteria, eukaryotic cells such as mamma-
lian and yeast, and baculovirus systems. Mammalian cell
lines available in the art for expression of a heterologous
polypeptide include Chinese hamster ovary cells, HelLa cells,
baby hamster kidney cells, COS cells and many others. A
common, preferred bacterial host is £. coli.

[0076] Suitable vectors can be chosen or constructed, con-
taining appropriate regulatory sequences, including promoter
sequences, terminator  fragments,  polyadenylation
sequences, enhancer sequences, marker genes and other
sequences as appropriate. Vectors may be plasmids, viral e.g.
phage, or phagemid, as appropriate. For further details see,
for example, Molecular Cloning: a Laboratory Manual: 2nd
edition, Sambrook et al., 1989, Cold Spring Harbor Labora-
tory Press. Many known techniques and protocols for
manipulation of nucleic acid, for example in preparation of
nucleic acid constructs, mutagenesis, sequencing, introduc-
tion of DNA into cells and gene expression, and analysis of
proteins, are described in detail in Current Protocols in
Molecular Biology, Ausubel et al. eds., John Wiley & Sons,
1992.

[0077] After transforming the host cells with the nucleic
acid encoding the proteins, they an be produced by causing or
allowing expression from the nucleic acid, e.g. by culturing
host cells (which may include cells actually transformed
although more likely the cells will be descendants of the
transformed cells) under conditions for expression of the
gene, so that the encoded polypeptide is produced. If the
polypeptide is expressed coupled to an appropriate signal
leader peptide it may be secreted from the cell into the culture
medium. Following production by expression, a polypeptide
may be isolated and/or purified from the host cell and/or
culture medium, as the case may be, and subsequently used as
desired, e.g. in the formulation of a composition which may
include one or more additional components, such as a phar-
maceutical composition which includes one or more pharma-
ceutically acceptable excipients, vehicles or carriers.

Antibodies

[0078] In alternative embodiments of the invention, anti-
bodies capable of binding the protein associated with acute
rejection may be needed, e.g. for use in assays to determine
the presence or amount of a given protein in a sample or for
therapeutic use in reducing the deleterious effect of a protein
in vivo. Thus, the present invention also provides the produc-
tion of antibodies having the property of specifically binding
to the marker proteins identified herein, or fragments or active
portions thereof.

[0079] The production of monoclonal antibodies is well
established in the art. Monoclonal antibodies can be subjected
to the techniques of recombinant DNA technology to produce
other antibodies or chimeric molecules which retain the
specificity of the original antibody. Such techniques may
involve introducing DNA encoding the immunoglobulin vari-
able region, or the complementarity determining regions
(CDRs), of an antibody to the constant regions, or constant
regions plus framework regions, of a different immunoglo-
bulin. See, for instance, EP 0 184 187 A, GB 2 188 638 A or
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EP 0239 400 A. A hybridoma producing a monoclonal anti-
body may be subject to genetic mutation or other changes,
which may or may not alter the binding specificity of anti-
bodies produced.

[0080] These antibodies may be specific in the sense of
being able to distinguish between the polypeptide it is able to
bind and other human polypeptides for which it has no or
substantially no binding affinity (e.g. a binding affinity more
than 10.sup.3, more preferably 10.sup.4 and more preferably
10.sup.5 times better than to unrelated molecules). Specific
antibodies bind an epitope on the molecule which is either not
present or is not accessible on other molecules. Antibodies are
also useful in purifying the polypeptide or polypeptides to
which they bind, e.g. following production by recombinant
expression from encoding nucleic acid.

[0081] Preferred antibodies according to the invention are
isolated, in the sense of being free from contaminants such as
antibodies able to bind other polypeptides and/or free of
serum components. Monoclonal antibodies are preferred for
some purposes, though polyclonal antibodies are within the
scope of the present invention.

[0082] Antibodies may be obtained using techniques which
are standard in the art. Methods of producing antibodies
include immunizing a mammal (e.g. mouse, rat, rabbit, horse,
goat, sheep or monkey) with the protein or a fragment thereof.
Antibodies may be obtained from immunized animals using
any of a variety of techniques known in the art, and screened,
preferably using binding of antibody to antigen of interest.
For instance, Western blotting techniques or immunoprecipi-
tation may be used (Armitage et al, Nature, 357:80 82, 1992).
Isolation of antibodies and/or antibody-producing cells from
an animal may be accompanied by a step of sacrificing the
animal.

[0083] As an alternative or supplement to immunizing a
mammal with a peptide, an antibody specific for a protein
may be obtained from a recombinantly produced library of
expressed immunoglobulin variable domains, e.g. using
lambda bacteriophage or filamentous bacteriophage which
display functional immunoglobulin binding domains on their
surfaces; for instance see W092/01047. The library may be
naive, that is constructed from sequences obtained from an
organism which has not been immunized with any of the
proteins (or fragments), or may be one constructed using
sequences obtained from an organism which has been
exposed to the antigen of interest.

[0084] Antibodies according to the present invention may
be modified in a number of ways. Indeed the term “antibody”
should be construed as covering any binding substance hav-
ing a binding domain with the required specificity. Thus the
invention covers antibody fragments, derivatives, functional
equivalents and homologues of antibodies, including syn-
thetic molecules and molecules whose shape mimics that of
an antibody enabling it to bind an antigen or epitope.

[0085] Hybridomas capable of producing antibody with
desired binding characteristics are within the scope of the
present invention, as are host cells, eukaryotic or prokaryotic,
containing nucleic acid encoding antibodies (including anti-
body fragments) and capable of their expression. The inven-
tion also provides methods of production of the antibodies
including growing a cell capable of producing the antibody
under conditions in which the antibody is produced, and
preferably secreted.

[0086] Antibodies for use in the assays described herein as
binding or developing agents may be labeled. Tagging with

Nov. 4, 2010

individual reporter molecules is one possibility. The reporter
molecules may directly or indirectly generate detectable, and
preferably measurable, signals. The linkage of reporter mol-
ecules may be directly or indirectly, covalently, e.g. via a
peptide bond or non-covalently. Linkage via a peptide bond
may be as a result of recombinant expression ofa gene fusion
encoding antibody and reporter molecule. One favored mode
is by covalent linkage of each antibody with an individual
fluorochrome, phosphor or laser dye with spectrally isolated
absorption or emission characteristics. Suitable fluoro-
chromes include fluorescein, rhodamine, phycoerythrin and
Texas Red. Suitable chromogenic dyes include diaminoben-
zidine. Other reporters include macromolecular colloidal par-
ticles or particulate material such as latex beads that are
colored, magnetic or paramagnetic, and biologically or
chemically active agents that can directly or indirectly cause
detectable signals to be visually observed, electronically
detected or otherwise recorded. These molecules may be
enzymes which catalyze reactions that develop or change
colors or cause changes in electrical properties, for example.
They may be molecularly excitable, such that electronic tran-
sitions between energy states result in characteristic spectral
absorptions or emissions. They may include chemical entities
used in conjunction with biosensors. Biotin/avidin or biotin/
streptavidin and alkaline phosphatase detection systems may
be employed. Other techniques that can be sued to label
antibodies include tagging, e.g. with a nucleotide sequence
which can be amplified by PCR.

[0087] The mode of determining binding is not a feature of
the present invention and those skilled in the art are able to
choose a suitable mode according to their preference and
general knowledge.

[0088] Antibodies according to the present invention may
be used in screening for the presence of a polypeptide, for
example in a test sample containing cells or cell lysate as
discussed, and may be used in purifying and/or isolating a
polypeptide according to the present invention, for instance
following production of the polypeptide by expression from
encoding nucleic acid therefore. Antibodies may modulate
the activity of the polypeptide to which they bind and so, if
that polypeptide has a deleterious effect in an individual, may
be useful in a therapeutic context (which may include pro-
phylaxis).

[0089] An antibody may be provided in a kit, which may
include instructions for use of the antibody, e.g. in determin-
ing the presence of a particular substance in a test sample. One
or more other reagents may be included, such as labeling
molecules, buffer solutions, elutants and so on. Reagents may
be provided within containers which protect them from the
external environment, such as a sealed vial.

[0090] Specific alterations in inflammatory and insulin
resistance cytokines (IL-1-alpha, IL.-1.beta., IL-2, [L-4, TNF-
alpha, TNF-R, IL-6, MCP-1, IL-8, IL-11, IL-12, and
VCAM), and angiogenesis related growth factors (PIGF,
FGF-2) and a growth factor antagonist (sFlt-1) can be used as
secondary markers. In any event, these cytokines, chemok-
ines, and angiogenesis related growth factors, or antagonists
thereof, serve as early biomarkers for disease, and character-
ize subjects at high risk for future disease.

[0091] A “reference” can also be referred to as a “control”
profile. A reference profile can be generated from a sample
taken at a particular time point in the pregnancy of a normal
individual or from an individual having a gestational disorder.
The reference profile, or plurality of reference profiles, can be
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used to establish threshold values for the levels of, for
example, specific cytokines in a sample. A “reference” profile
includes a profile generated from one or more pregnant
women having a gestational disorder or a profile generated
from one or more pregnant women having a normal preg-
nancy.

[0092] A reference profile can be in the form of an array
“signature” or “pattern” of specific identifiable biomarkers.
The signature can also be described as a number or series of
numbers that correspond to values attributed to the biomark-
ers identified by the array.

[0093] In addition to being expressed as a signature, a ref-
erence profile can be in the form of a threshold value or series
of threshold values. For example, a single threshold value can
be determined by averaging the values of a series of cytokine
levels from pregnant women having normal pregnancies.
Similarly, a single or two or more threshold values can be
determined by averaging the values of a series of cytokine
levels from pregnant women having a gestational disorder.
Thus, a threshold value can have a single value or a plurality
of values, each value representing a level of a specific cytok-
ine or growth factor, or antagonist thereof, detected in a urine
or blood sample, e.g., of a pregnant individual, or multiple
individuals, having a gestational disorder.

Methods

[0094] Patients: The study protocol was approved by the
individual Institutional Review Boards of each participating
institution. Children <10 years of age admitted to the pediat-
ric intensive care unit (PICU) and meeting criteria for septic
shock were eligible for the study. Septic shock was defined
using pediatric-specific criteria (18). Control patients were
recruited from the participating institutions using the follow-
ing exclusion criteria: any acute illness, arecent febrile illness
(within 2 weeks), recent use of anti-inflammatory medica-
tions (within 2 weeks), or any history of chronic or acute
disease associated with inflammation.

[0095] Sample and data collection: After obtaining
informed consent, blood samples (for RNA and serum isola-
tion) were obtained within 24 hours ofadmission to the PICU,
heretofore referred to as “Day 17 of septic shock. Severity of
illness was calculated using the PRISM III score (27), and
organ failure was defined using pediatric-specific criteria (18,
28,40). Annotated clinical and laboratory data were collected
daily while in the PICU. All study patients were followed for
28 days to determine survival. Clinical, laboratory, and bio-
logical data were entered and stored using a web-based data-
base developed locally.

[0096] RNA extraction, microarray hybridization, and
microarray analysis: The data and protocols described in this
manuscript have been deposited in the NCBI Gene Expres-
sion Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo/) and
are accessible through GEO Series accession number
GSE4607.

[0097] Total RNA was isolated from whole blood samples
using the PaxGene™ Blood RNA System (PreAnalytiX,
Qiagen/Becton Dickinson, Calif.) according the manufactur-
er’s specifications, Microarray hybridization was performed
by the Affymetrix Gene Chip Core facility at Cincinnati Chil-
dren’s Hospital Research Foundation previously described
using the Human Genome U133 Plus 2.0 GeneChip (Affyme-
trix, Santa Clara, Calif.) (42).

[0098] Analyses were performed using one patient sample
per chip. Image files were captured using an Affymetrix
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GeneChip Scanner 3000. .CEL files were subsequently pre-
processed using Robust Multiple-array Average (RMA) not-
malization (21) using GeneSpring GX 7.3 software (Agilent
Technologies, Palo Alto, Calif.). All signal intensity-based
data was used after RNA normalization, which specifically
suppresses all but significant variation among lower intensity
probe sets (21). All chips were then normalized to the respec-
tive median values of controls. Differences in mRNA abun-
dance between patient samples were determined using Gene-
Spring GX 7.3. All statistical analyses used corrections for
multiple comparisons. The specific statistical and filtering
approaches are provided in the Results section because of
their relevance to data interpretation.

[0099] Two-dimensional cluster maps were constructed
using GeneSpring GX 7.3. Gene trees are represented in the
vertical dimension and condition trees are represented in the
horizontal dimension. Both the gene trees and condition trees
are based on the Pearson similarity algorithm. The coloring
conventions for all maps are as follows: red intensity corre-
lates with increased gene expression, blue intensity correlates
with decreased gene expression, and yellow intensity corre-
lates with no change in gene expression relative to the median
of controls.

[0100] Ontology analyses were performed by uploading
specific gene expression lists to the web-based application
D.A.VID. (Database for Annotation, Visualization and Inte-
grated Discovery) that allows public access to a relational
database of functional gene annotations (13) Canonical path-
way analyses were performed by uploading specific gene lists
to the Ingenuity Systems Pathways Knowledge Base (Inge-
nuity Systems, Redwood City, Calif.) that provides a tool for
discovery of canonical pathways within the uploaded gene
lists (6). Bothapplications use specific approaches to estimate
significance based on non-redundant representations of the
microarray chip and to convert the uploaded gene lists to gene
lists containing a single value for each gene.

[0101] Ancillary validation studies: Real time quantitative
PCR was performed for selected genes by a standard
approach involving the Superscript First Strand Synthesis kit
(Invitrogen, Carlsbad, Calif.), SYBR green (BioRad, Her-
cules, Calif.) and the iCycler Thermal Cycler (BioRad).
Serum interleukin-8 was measured using an ELISA kit, as
specified by the manufacturer (Biosource, Camarillo, Calif.).

Results

[0102] General study subject data: Summary demographic,
clinical laboratory, and microbiologic data for the study sub-
jects are provided in Tables 1 and 2. A total of 57 individual
microarray chips, representing 15 individual controls and 42
individual patients with septic shock, were used for analysis.
The controls were comparable to the patients with septic
shock with regard to age, race, and gender. Among the
patients with septic shock there were 28 having positive iden-
tification of an infecting organism (67%) and 9 deaths (21%
mortality). Overall, the patients with septic shock were het-
erogeneous with respect to age, illness severity, gender, race,
infectious organisms, and sites of infection. The annotated
clinical data provided in Table 1 were not significantly differ-
ent between septic shock survivors and septic shock nonsur-
vivors, except that the nonsurvivors had a significantly higher
(p<0.05) severity of illness score (PRISM score) than the
Survivors.

[0103] Differential gene expression in pediatric septic
shock: To begin testing the hypothesis that pediatric septic
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shock is characterized by broad alterations in gene expres-
sion, we conducted a two group ANOVA (Benjamini-Hoch-
berg false discovery rate of 5%) using controls and patients
with septic shock as the comparison groups, and all gene
probes within the microarray (54,681 gene probes). This sta-
tistical filter yielded a working list of 17,601 gene probes that
were differentially regulated between controls and patients
with septic shock. To further refine this 17,601 gene list, we
next applied an expression filter that selected only the genes,
within the above 17,601 gene list, having at least 2-fold
expression difference in at least 50% of the patients with
septic shock, compared to the median of the controls. This
expression filter yielded a final working list of 2,482 gene
probes that were differentially regulated between patients
with septic shock and controls.

[0104] These 2,482 gene probes were then subjected to
two-dimensional cluster analysis depicted in FIG. 1 All of the
patients with septic shock cluster together at the center of the
map in a homogenous manner, thus demonstrating a relative
commonality of gene regulation on Day 1 of pediatric septic
shock. This homogenous clustering is dependent on a group
of genes in the upper portion of the map having increased
expression (1,081 genes) and a group of genes in the lower
portion of the map having decreased expression (1,401
genes).

[0105] In order to begin deriving biological meaning from
these 2,482 differentially regulated genes, we uploaded the
individual list of genes with increased expression and the
individual list of genes with decreased expression to both the
D.A.VID. database (13) and the Ingenuity Systems Path-
ways Knowledge Base (6). As shown in Tables 3 and 4, the
D.A.VI.D.-dependent analyses yielded several relevant func-
tional annotations within both gene lists. The functional
annotations derived from the list of genes with increased
expression (Table 3) are consistent with the current literature
focused on septic shock (3, 34). The functional annotations
derived from the list of genes with decreased expression
(Table 4) are notable for the prevalence of zinc- and metal
binding-related ontologies.

[0106] As shown in Tables 5 and 6, the Ingenuity Systems
Pathways Knowledge Base-dependent analysis also yielded
several relevant canonical pathways within both gene lists.
Similar to the functional annotations listed in Table 3, the
majority of canonical pathways derived from these gene lists
are consistent with the current experimental literature
focused on septic shock (3, 34)

Differential Gene Expression Between Survivors and Non-
survivors of Pediatric Septic Shock:

[0107] Since our initial attempt at elucidating the genome
level response of children with septic shock yielded biologi-
cally plausible data, we next tested the hypothesis that there is
a differential pattern of gene expression between survivors
and nonsurvivors of pediatric septic shock. To this end, we
conducted a three group ANOVA (Benjamini-Hochberg false
discovery rate of 5%) using controls, septic shock survivors,
and septic shock nonsurvivors as the comparison groups, and
all gene probes within the microarray (54,681 gene probes).
This statistical filter yielded a working list of 13,054 gene
probes that were differentially regulated between the three
groups. A post hoc Tukey test indicated that 589 of these
13,054 gene probes were differentially regulated between the
survivors and the nonsurvivors. To further refine this gene list,
we applied an expression filter that selected only the genes,
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within the above 589 gene list, having at least 2-fold expres-
sion difference in at least 50% of the survivors, compared to
the median of the nonsurvivors. This expression filter yielded
a final working list of 63 gene probes that were differentially
regulated between survivors and nonsurvivors.

[0108] These 63 gene probes were then subjected to two-
dimensional cluster analysis as depicted in FIG. 2. All of the
nonsurvivors cluster to the left side of the map, thus demon-
strating a relative commonality of gene regulation in nonsur-
vivors and survivors, respectively. As shown in Table 7, D.A.
V.1.D.-based analysis of the 63 gene probes depicted in FIG.
2vielded several biologically relevant functional annotations,
including the “metal-binding” functional annotation previ-
ously noted in Table 4. Among the 63 gene probes depicted in
FIG. 2, 36 gene probes (corresponding to 34 individual genes,
Table 8) were upregulated and 27 gene probes (corresponding
to 26 individual genes, Table 9) were downregulated in the
nonsurvivors relative to survivors, respectively. The two gene
lists provided in Tables 8 and 9 represent potential biomarkers
for poor outcome and/or potential novel therapeutic targets in
the context of pediatric septic shock.

Validation of Interleukin-8 Microarray Data:

[0109] Our initial approach to validating our microarray
data involved two complementary approaches: expression
validation and functional validation. Table 8 indicates that
interleukin-8 (IL-8) mRNA expression is increased in non-
survivors of pediatric septic shock, compared to survivors.
Since IL-8 protein is readily detectable in serum samples, we
assayed parallel serum samples from the same patient cohort
by way of ELISA. As shown in FIG. 3, nonsurvivors had
increased serum levels of TL-8 protein compared to survivors,
thereby corroborating the IL-8-specific microarray data.

DISCUSSION

[0110] These data represent the largest reported cohort of
patients with septic shock (pediatric or adult), to date, which
has undergone genome-level expression profiling based on
microarray technology. The patients in this cohort are hetero-
geneous at several levels and received clinical care at multiple
centers. Despite this heterogeneity and the potential con-
founding variables, the data are coherent and biologically
plausible.

[0111] The data demonstrate that Day 1 of pediatric septic
shockis characterized by broad alterations of gene expression
and that these broad alterations can be identified through
genome-level expression profiles generated from accessible,
clinically relevant biological samples. Importantly, the coor-
dinately regulated genes fit well within biologically relevant
gene ontologies and canonical pathways. The gene ontologies
(Table 3) and canonical pathways (Table 5) detected within
the 1,081 upregulated genes in this patient cohort do not
necessarily represent novel concepts. The existing experi-
mental and clinical literature has well established that inflam-
mation, immunity, and stress response-related genes are
highly regulated in the context of septic shock (3, 34). Nev-
ertheless, the current demonstration of these ontologies and
pathways provide confidence that the overall data are biologi-
cally relevant, rather than being artifacts of this high through-
put approach.

[0112] We are ultimately interested in determining whether
or not there exist biologically significant gene expression
profiles that distinguish survivors and nonsurvivors of pedi-
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atric septic shock. The rationale for addressing this question
is to discover novel biomarkers of poor outcome and novel
therapeutic targets as means for developing more effective
therapeutic strategies. The current data represent an initial
approach to this question given the relatively small number of
nonsurvivors in the current patient cohort. The data demon-
strate, however, that our microarray-based approach is a fea-
sible means of addressing this question. Furthermore, the
validity of these data is suggested by the demonstration that
increased IL.-8 mRNA expression in nonsurvivors (microat-
ray) correlated with increased I1-8 protein levels (ELISA).
[0113] Within the current patient cohort, we have eluci-
dated a relatively small group of genes that are differentially
regulated between survivors and nonsurvivors of pediatric
septic shock. The veracity of this particular gene expression
profile to effectively predict survival versus nonsurvival is the
subject of ongoing studies in which the current data set will
serve as a learning data set and a separate future group of
patients will serve as a validation data set. Nevertheless, the
current data provide a foundation to begin formulating test-
able, novel hypotheses regarding the pathophysiology of poor
outcome in pediatric septic shock, which may ultimately
transfer to adult septic shock.
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1. A method for the diagnosis and prognosis of sepsis in a
mammalian subject comprising the following steps: (a)
obtaining a biological sample from an individual suspected of
having sepsis; (b) determining the expression level or protein
concentration of I[-8 in the sample using a direct or an
indirect detection technique; and (c) correlating the expres-
sion level or protein concentration of IL-8 in the sample to
known standards.

2. The method according to claim 1, wherein the biological
sample is selected from the group consisting of body fluid,
tissue and cell lysate.

3. The method according to claim 2, wherein the body fluid
is selected from the group consisting of blood, serum, urine,
lymph, saliva, amniotic fluid, prostatic fluid, seminal fluid,
biopsy fluid, gastrointestinal fluid, vaginal fluid and combi-
nations thereof.

4. The method of claim 3, wherein the sepsis is a pathology
selected from the group consisting of sepsis, sepsis progress-
ing to septic shock, sepsis likely to progress to septic shock or
septic shock.

5. The method of claim 4, wherein the sepsis is septic
shock.

6. The method of claim 4, wherein the sepsis patient is 10
years of age or younger.

7. The method of claim 5, wherein IL-8 is detected using an
agent selected from the group consisting of antibodies that
bind IL-8, IL-8 binding partners, and nucleic acids that
hybridize to a nucleic acid encoding 11.-8.
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8. The diagnostic method of claim 7, wherein the direct or
indirect detection technique involves an immunoassay.

9. The method of claim 8, wherein the agent is tagged with
a label.

10. The method of claim 9, wherein the label is a radioac-
tive label, a fluorescent label, an enzyme, or a chemilumines-
cent tag.

11. The method of claim 8, wherein the immunoassay
comprises immunoblotting, immunodiffusion, immunoelec-
trophoresis, or immunoprecipitation.

12. The method of claim 11, wherein 11.-8 is detected by
dot blotting.

13. The method of claim 12, wherein dot blotting com-
prises using a Bio-Dot SF module.

14. The method of claim 1, wherein IL-8 is detected by
nucleic acid hybridization.

15. The method of claim 14, wherein the nucleic acid
hybridization is RT-PCR or Northern blot analysis.

16. The method according to claim 5, further comprising
correlating the binding of the biomarker in the sample to
known standards to predict the severity of the septic shock.

17. The method according to claim 5, further comprising
correlating the binding of the biomarker in the sample to
known standards to predict whether the subject will require
standard care or high risk treatment.

18. The method according to claim 5, further comprising
the binding of the biomarker in the sample to known stan-
dards to select the appropriate therapeutic treatment for the
septic shock, wherein elevated binding of the biomarker indi-
cates that the patient is a candidate for therapies selected from
antibiotics, organ support, or combinations thereof.

19. The method according to claim 17, wherein individuals
having levels of IL-8 protein less than about 220 pg/ml, are
considered appropriate candidates for standard care.

20. A method for the stratification of a sepsis condition in
a mammalian subject for determining the effective course of
treatment comprising the steps: (a) obtaining a biological
sample from a subject suspected of having sepsis; (b) deter-
mining the expression level or protein concentration of 1L-8
in the sample using a direct or an indirect detection technique;
and (c) identifying the individual as appropriate for a particu-
lar treatment.

21. The method according to claim 20, wherein the bio-
logical sample is selected from the group consisting of body
fluid, tissue and cell lysate.

22. The method according to claim 21, wherein the body
fluid is selected from the group consisting of blood, serum,
urine, lymph, saliva, amniotic fluid, prostatic fluid, seminal
fluid, biopsy fluid, gastrointestinal fluid, vaginal fluid and
combinations thereof.

23. The method of claim 22, wherein the sepsis is a pathol-
ogy selected from the group consisting of sepsis, sepsis pro-
gressing to septic shock, sepsis likely to progress to septic
shock or septic shock.

24. The method of claim 23, wherein the sepsis is septic
shock.

25. The method according to claim 24, further comprising
selecting the appropriate therapeutic treatment for the septic
shock.

26. The method according to claim 25, wherein individuals
having levels of IL-8 protein less than about 220 pg/ml, are
considered appropriate candidates for standard care.

27. The method according to claim 25, wherein the course
of treatment is high risk treatment comprising a treatment
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selected from the group consisting of plasmapheresis, high
dose ultrafiltration and extracorporeal membrane oxygen-
ation

28. The method of claim 24, wherein the sepsis patient is 10
years of age or younger.

29. The method of claim 24, wherein IL-8 is detected using
an agent selected from the group consisting of antibodies that
bind IL-8, IL-8 binding partners, and nucleic acids that
hybridize to a nucleic acid encoding 1L.-8.

30. The diagnostic method of claim 24, wherein the direct
or indirect detection technique involves an immunoassay.

31. The method of claim 30, wherein the agent is tagged
with a label.

32. The method of claim 31, wherein the label is a radio-
active label, a fluorescent label, an enzyme, or a chemilumi-
nescent tag.

33. The method of claim 30, wherein the immunoassay
comprises immunoblotting, immunodiffusion, immunoelec-
trophoresis, or immunoprecipitation.

34. The method of claim 20, wherein IL-8 is detected by
nucleic acid hybridization.

35. The method of claim 34, wherein the nucleic acid
hybridization is RT-PCR or Northern blot analysis.

36. The method according to claim 25, wherein subjects
having IL-8 protein levels greater than about 1500 pg/ml are
considered as candidates for active agents that have been
identified as efficacious for the treatment of septic shock
using IL-8 levels as atreatment criteria or for otherhigher risk
therapies.

37. The method according to claim 25, wherein subjects
having IL-8 protein levels greater than about 1000 pg/ml are
considered as candidates for active agents that have been
identified as efficacious for the treatment of septic shock in
trials using IL-8 levels as a treatment criteria, or for other
higher risk therapies.

38. The method according to claim 25, wherein subjects
having IL-8 protein levels less than about 1000 pg/ml are
considered as candidates for active agents that have been
identified as efficacious for standard care treatment of septic
shock.

39. The method according to claim 25, wherein subjects
having IL-8 protein levels less than about 500 pg/ml are
considered as candidates for active agents that have been
identified as efficacious for standard care treatment of septic
shock.

40. The method according to claim 25, wherein subjects
having IL-8 protein levels less than about 300 pg/ml are
considered as candidates for active agents that have been
identified as efficacious for standard care treatment of septic
shock.

41. The method according to claim 25, wherein subjects
having IL-8 protein levels less than about 220 pg/ml are
considered as candidates for active agents that have been
identified as efficacious for standard care treatment of septic
shock.

42. A method for the stratification of a sepsis condition in
a mammalian subject for determining the effective course of
treatment comprising the steps: (a) obtaining a biological
sample from a subject suspected of having sepsis; (b) deter-
mining the expression level or protein concentration of 1L.-8
in the sample using a direct or an indirect detection technique;
and (¢) correlating the expression level or protein concentra-
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tion of IL-8 in the sample to known standards as a biomarker
in septic shock patients as an indicator of the likelihood of
survival.

43. A method for the stratification of a sepsis condition in
a mammalian subject for determining the effective course of
treatment comprising the steps: (a) obtaining a biological
sample from a subject suspected of having sepsis; (b) deter-
mining the expression level or protein concentration of 1L-8
in the sample using a direct or an indirect detection technique;
and (c) correlating the expression level or protein concentra-
tion of IL-8 in the sample to known standards as a biomarker
in septic shock patients for the purposes of structuring, con-
ducting, or evaluating clinical trials or data from clinical
trials.

44. A method for the stratification of a sepsis condition in
a mammalian subject for determining the effective course of
treatment comprising the steps: (a) obtaining a biological
sample from a subject suspected of having sepsis; (b) deter-
mining the expression level or protein concentration of 1L-8
in the sample using a direct or an indirect detection technique;
(c) comparing the determined IL.-8 expression or protein level
to a set of predetermined values for [1.-8; and (d) categorizing
the individual for purposes of structuring, conducting or
evaluating the clinical trial.

45. The method according to claim 44, wherein the method
is retroactively applied to data derived from a clinical data for
septic shock, wherein patients are stratified for the purposes
of restructuring or removing patient data.

46. The method according to claim 44, wherein the method
comprises using 1L.-8 levels to define a patient’s entry into or
exclusion from a clinical trial; defining a particular patient as
a control or test subject; conducting post-hoc evaluation of
clinical trial data; or other uses related to structuring the
clinical trial or resulting data.

47. A diagnostic kit for the diagnosis and prognosis of
septic shock in a mammalian subject comprising: a probe
specific for IL-8 wherein the probe is capable of detecting a
concentration of anti-IL-8 antibodies, such that a diagnosis or
prognosis of the subject may be made; and reactants for
detecting the concentration of anti-IL-8 antibodies.

48. The diagnostic kit according to claim 47, wherein the
reactants for detecting the concentration ofanti-11.-8 antibod-
ies function in a method selected from the group consisting of
in situ hybridization, hybridization, and recognition by
marked specific antibodies, the method being conducted on
filter, on solid support, in solution, or on gel, by using at least
one technique selected from the group consisting of a sand-
wich method, Dot blot hybridization, isotopic or non-isotopic
labeling, cold probe techniques, double immunodiffusion,
counter-immunoelectrophoresis, and hemagglutination.

49. The diagnostic kit according to claim 47, wherein the
probe is an antigen reactive to anti-IL-8 antibodies.

50. The diagnostic kit according to claim 47, wherein the
probe is immobilized on a solid support.
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51. The diagnostic kit according to claim 47, wherein the
antigen forms an antigen-antibody complex with the anti-
IL-8 antibodies.

52. The diagnostic kit according to claim 47, wherein the
detection reactants comprise a reporter group conjugated to a
binding agent.

53. The diagnostic kit according to claim 47, wherein the
probe is a phage particle expressing an antigen specific for
anti-TL-8 antibody.

54. The method of claim 1, which further comprises, in (i),
selecting at least one additional septic shock markers that
increase or decrease in individuals with that risk factor rela-
tive to healthy individuals.

55. The method according to claim 54, wherein the septic
shock marker is selected from the group consisting of: anti-
oxidants, trace elements, indicators of septic shock, iron
metabolism markers, homocysteine, enzymes having antioxi-
dant functions, enzymes having pro-oxidant functions,
enzymes for DNA repair, enzymes of the glutathione metabo-
lism, stress proteins, proteins implied in apoptosis, transcrip-
tion factors, cytokines and chemokines.

56. The method according to claim 55, wherein the anti-
oxidant is selected from: vitamin A, vitamin C, vitamin E,
reduced glutathione (GSH)/oxidized glutathione (GSSG),
protein thiols, glutathione peroxidase and superoxide dismu-
tase.

57. The method according to claim 56, wherein the tran-
scription factor is selected from NfkappaB-a, c-Fos, C-jun,
IkappaB-alpha, monoamine oxidase A, monoamine oxidase
B, and peroxisome proliferative-activated receptor-alpha.

58. The method according to claim 57, wherein the cytok-
ine or chemokine is selected from: IL-1,1L-2, IL-6, IL-1beta,
IL-2 and TNF1 receptor associated protein.

59. The method according to claim 54, wherein the amount
of the septic shock marker is determined by measuring the
concentration of the oxidative marker.

60. The method according to claim 54, wherein the amount
is determined by measuring the concentration of the gene
transcript/mRNA encoding the oxidative marker.

61. The method according to claim 54, wherein the amount
of at least two septic shock markers is determined in parallel.

62. The method according to claim 60, wherein the amount
of septic shock marker is measured by using a DNA chip.

63. A process of detecting septic shock in a blood sample
comprising cells, which method comprises: (i) extracting
mRNA from cells from the blood sample, (ii) reverse tran-
scribing the mRNA into cDNA, with labeling of the cDNA,
and (iii) contacting the cDNA with a population of synthetic
DNA fragments under hybridizing conditions., wherein the
population of synthetic DNA fragments hybridizes with the
c¢DNA when present due to gene expression under septic
shock, and simultaneously detecting hybridization, where-
upon septic shock in a blood sample comprising cells is
detected.
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