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ABSTRACT

Biomarkers and methods of using them for aiding diagnosis,
prognosis, and treatment of critically 11l patients are dis-
closed. In particular, the invention relates to the use of
biomarkers for prognosis ol mortality in critically 11l patients
with sepsis, severe trauma, or burns.
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Summary of Alpha, Summary of Beta,
psis Mortality Prediction, Validation
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Longitudinal Effects per Patient
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BIOMARKERS FOR USE IN PROGNOSIS OF
MORTALITY IN CRITICALLY ILL
PATIENTS

CROSS-REFERENCING

[0001] This application claims the benefit of U.S. Provi-

sional Application Ser. No. 62/354,789, filed on Jun. 26,
2016, which application 1s mncorporated by reference herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was made with Government support
under contracts AI057229, AIO89859, AIl109662, and

AlI117925 awarded by the National Institutes of Health. The
Government has certain rights in the mvention.

TECHNICAL FIELD

[0003] The present invention pertains generally to meth-
ods for prognosis of mortality risk 1n critically 11l patients. In
particular, the invention relates to the use of biomarkers that
can be used for prognosis of mortality risk in critically 1ll
patients with sepsis, severe trauma, or burns.

BACKGROUND

[0004] Sepsis, newly defined as organ failure caused by
systemic response to infection', contributes to half of all
in-hospital deaths 1 the US, and 1s also the number one
overall cost to the US healthcare system.*> Although sepsis
outcomes have improved over the 25 last decade with
improvement 1n standardized sepsis care, mortality rates
remain high (10-35%)®*. Sepsis treatment still consists of
source control, antibiotics, and supportive care. Despite
dozens of clinical trials for immune-modulating interven-
tion, no treatments specific for sepsis have been successiully
brought to market”. Two consensus papers have argued that
the failure of clinical trials 1s due to the massive patient
heterogeneity in the sepsis syndrome, and our lack of tools
for accurate molecular profiling”*°. Current tools, mainly
clinical severity scores such as APACHE and SOFA, and the
blood lactate level, are not readouts of the underlying
inflammation in sepsis, but rather a crude look at the global
level of patient illness.

[0005] Several groups have hypothesized that transcrip-
tomic (genome-wide expression) profiling of the immune
system via analysis of the whole blood may be an effective
way to stratify sepsis patients’. Important insights from
these studies include overexpression ol neutrophils pro-
teases, a collapse 1n adaptive immunity, and an overall
profound immune dysregulation in sepsis’ '*. Some immune
profiling techniques have been validated prospectively to
show outcomes differences'>“, but no clinical tools have
yet been translated into clinical practlce Still, most of these
studies have been deposited 1n public databases for turther
re-analysis and re-use.

[0006] Thus, new molecular profiling tools are needed,
both for improved patient care and resource stratification,
but also as research tools for better clinical trials 1n sepsis.

SUMMARY

[0007] The invention relates to the use of biomarkers for
aiding diagnosis, prognosis, and treatment of critically 1ll
patients. In particular, the invention relates to the use of
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biomarkers for prognosis ol mortality in critically 11l patients
with sepsis, severe trauma, or burns.

[0008] Biomarkers that can be used 1n the practice of the
invention include polynucleotides comprising nucleotide
sequences from genes or RNA transcripts of genes, includ-
ing but not limited to, DEFA4, CD163, PER1, RGSI,
HIF1A, SEPPI1, Cllort74, CIT, LY86, TST, OR52R1, and
KCNI2.

[0009] In certain embodiments, a panel of biomarkers is
used for prognosis of mortality. Biomarker panels of any
s1ze can be used 1n the practice of the invention. Biomarker
panels for prognosis of mortality typically comprise at least
3 biomarkers and up to 30 biomarkers, including any num-
ber of biomarkers 1n between, such as 3, 4, 5,6, 7, 8, 9, 11,
12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, or 30 biomarkers. In certain embodiments, the
invention mcludes a biomarker panel comprising at least 3,
at least 4, or at least 5, or at least 6, or at least 7, or at least
8, or at least 9, or at least 10, or at least 11 or more
biomarkers. Although smaller biomarker panels are usually
more economical, larger biomarker panels (1.e., greater than
30 biomarkers) have the advantage of providing more
detailed information and can also be used 1n the practice of
the 1vention.

[0010] In oneembodiment, the biomarker panel comprises
a plurality of biomarkers for prognosis of mortality, wherein
the plurality of biomarkers comprises one or more poly-
nucleotides comprising a nucleotide sequence from a gene
or an RNA transcript of a gene selected from the group

consisting of DEFA4, CD163, PERI1, RGS1, HIFI1A,
SEPP1, Cllort74, CIT, LYR6, TST OR52R1 and KCNI2.
In one embodlment the biomarker panel comprises a DEFA4
polynucleotide, a CD163 polynucleotide, a PER1 polynucle-
otide, a RGS1 polynucleotide, an HIF1A polynucleotide, a
SEPP1 polynucleotide, a Cllort74 polynucleotide, a CIT
polynucleotide, LY 86 polynucleotide, a TST polynucleotide,
an ORS2R1 polynucleotide, and a KCNI2 polynucleotide.

[0011] In one aspect, the invention includes a method of
determining mortality risk and treating a patient suspected of
having a life-threatening condition. The method comprises
a) obtaining a biological sample from the patient; b) mea-

suring levels of expression of DEFA4, CD163, PERI,
RGS1, HIF1A, SEPP1, Cllorf74, CIT, LYR86, TST,
OR52R1, and KCNIJ2 biomarkers in the biological sample;
and ¢) analyzing the levels of expression of each biomarker
in conjunction with respective reference value ranges for the
biomarkers, wherein increased levels of expression of the
DEFA4, CD163, PER1, RGS1, HIF1A, SEPPI1, Cllort74,
and CIT biomarkers and decreased levels of expression of
the LY86, TST, OR32R1, and KCNIJ2 biomarkers compared
to the reference value ranges for the biomarkers for a control
subject indicate that the patient 1s at high risk of mortality
within 30 days; and d) administering intensive care unit
(ICU) treatment to the patient 11 the patient 1s at high risk of
mortality within 30 days. In certain embodiments, the life-
threatening condition 1s sepsis, trauma, or a burn.

[0012] The reference value ranges can represent the levels
of one or more biomarkers found in one or more samples of
one or more subjects without a critical illness (e.g., healthy
subject or subject without infection or injury). Alternatively,
the reference values can represent the levels of one or more
biomarkers found 1n one or more samples of one or more
subjects with a critical i1llness (e.g., sepsis/infection, severe
trauma or burn). In certain embodiments, the levels of the
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biomarkers are compared to time-matched reference values
ranges for non-infected and infected/septic subjects or
injured (e.g., severe trauma or burn) and non-injured sub-
jects.

[0013] In certain embodiments, the method 1s performed
prior to or upon admission to an intensive care unit. The
method may be performed within 14 days of admission to a
hospital, such as within 24 hours, 48 hours, 3 days, 4, days,
5, days, 6 days, 7 days, 8 days, 9 days, 10 days, 11 days, 12
days, 13 days, or 14 days. In another embodiment, the
method 1s performed 3 to 7 days after diagnosis of sepsis in
the patient. In another embodiment, the method 1s performed
3 to 14 days after burn of the patient. In a further embodi-
ment, the method 1s performed 3 to 14 days after injury of
the patient.

[0014] The biological sample may comprise, for example,
blood, bufly coat, band cells, or metamyelocytes.

[0015] Biomarker polynucleotides (e.g., coding tran-
scripts) can be detected, for example, by microarray analy-
s1s, polymerase chain reaction (PCR), reverse transcriptase
polymerase chain reaction (RI-PCR), Northern blot, or
serial analysis of gene expression (SAGE).

[0016] In another aspect, the mvention includes a method
ol determining a mortality gene score for a subject suspected
of having a life-threatening condition, the method compris-
ing: a) collecting a biological sample from the subject; b)
measuring the levels of a plurality of biomarkers, described
herein, 1 the biological sample; and ¢) determining the
mortality gene score for the biomarkers by subtracting the
geometric mean of the expression levels of all biomarkers
that are underexpressed compared to control reference val-
ues for the biomarkers from the geometric mean of the
expression levels of all biomarkers that are overexpressed
compared to control reference values for the biomarkers, and
multiplying the difference by the ratio of the number of
biomarkers that are overexpressed to the number of bio-
markers that are underexpressed compared to control refer-
ence values for the biomarkers.

[0017] In another embodiment, the method further com-
prises calculating a mortality gene score for the patient
based on the levels of the biomarkers, wherein a higher
mortality gene score for the patient compared to a control
subject indicates that the patient 1s at high risk of mortality
within 30 days.

[0018] In certain embodiments, the mortality gene score 1s
calculated from the expression levels of a plurality of
biomarkers comprising one or more polynucleotides com-
prising a nucleotide sequence from a gene or an RNA
transcript of a gene selected from the group consisting of
DEFA4, CD163, PERI1, RGS1, HIF1A, SEPPI1, Cllort/4,
CIT, LYR86, TST, ORS52R1, and KCNJ2. In one embodiment,
the plurality of biomarkers comprises a DEFA4 polynucle-
otide, a CD163 polynucleotide, a PER1 polynucleotide, a
RGS1 polynucleotide, an HIF1A polynucleotide, a SEPP1
polynucleotide, a Cllorf74 polynucleotide, a CIT poly-

nucleotide, LY86 polynucleotide, a TST polynucleotide, an
ORS52R1 polynucleotide, and a KCNIJ2 polynucleotide.

[0019] In another embodiment, the invention 1ncludes a
method of determining mortality risk and treating a patient
having sepsis, the method comprising: a) obtaining a bio-
logical sample from the patient; b) measuring levels of
expression of DEFA4, CDI163, PER1, RGS1, HIFI1A,
SEPP1, Cllort74, CIT, LY86, TST, OR52R1, and KCNIJ2

biomarkers 1n the biological sample; and ¢) calculating a
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mortality gene score for the patient based on the levels of the
biomarkers, wherein a higher mortality gene score for the
patient compared to a control subject indicates that the
patient 1s at high risk of mortality within 30 days; and d)
administering intensive care unit treatment to the patient 1f
the patient 1s at high risk of mortality within 30 days.

[0020] In other embodiments, the invention includes a
method of diagnosing and treating a patient having an
infection, the method comprising: a) obtaining a biological
sample from the patient; b) measuring levels of expression
of DEFA4, CD163, PER1, RGSI1, HIF1A, SEPPI,
Cllort74, CIT, LY86, TST, OR52R1, and KCNJ2 biomark-
ers 1n the biological sample, wherein increased levels of
expression ol the DEFA4, CD163, PER1, RGS1, HIF1A,
SEPP1, Cllort74, and CIT biomarkers and decreased levels
of expression of the LY86, TST, OR52R1, and KCNI2
biomarkers compared to the reference value ranges for the
biomarkers for a control subject indicate that the patient has
sepsis; and ¢) administering a sepsis treatment comprising,
antimicrobial therapy, supportive care, or an immune-modu-
lating therapy 1f the patient 1s diagnosed with sepsis. In
another embodiment, the method further comprises calcu-
lating a mortality gene score for the patient based on the
levels of the biomarkers, wherein a higher mortality gene
score for the patient compared to a control subject indicates
that the patient 1s at high risk of mortality within 30 days;
and administering intensive care unit treatment to the patient
if the patient 1s at high risk of mortality within 30 days.

[0021] In another aspect, the invention includes a method
of treating a patient suspected of having a life-threatening
condition, the method comprising: a) recerving information
regarding the prognosis of the patient according to a method
described herein; and b) administering intensive care unit
treatment to the patient if the patient 1s at high risk of
mortality within 30 days.

[0022] In certain embodiments, patient data 1s analyzed by
one or more methods including, but not limited to, multi-
variate linear discriminant analysis (LIDDA), receiver operat-
ing characteristic (ROC) analysis, principal component
analysis (PCA), ensemble data mining methods, cell specific
significance analysis of microarrays (csSAM), and multi-
dimensional protein identification technology (MUDPIT)
analysis.

[0023] In another aspect, the mvention includes a kit for
prognosis ol mortality 1n a subject. The kit may include a
container for holding a biological sample 1solated from a
human subject suspected of having a life-threatening con-
dition, at least one agent that specifically detects a bio-
marker; and printed instructions for reacting the agent with
the biological sample or a portion of the biological sample
to detect the presence or amount of at least one biomarker in
the biological sample. The agents may be packaged in
separate containers. The kit may further comprise one or
more control reference samples and reagents for performing
PCR or microarray analysis for detection of biomarkers as
described herein.

[0024] In certain embodiments, the kit includes agents for
detecting polynucleotides of a biomarker panel comprising
a plurality of biomarkers for prognosis of mortality, wherein
one or more biomarkers are selected from the group con-
sisting of a DEFA4 polynucleotide, a CD163 polynucle-
otide, a PER1 polynucleotide, a RGS1 polynucleotide, an
HIF1A polynucleotide, a SEPP1 polynucleotide, a Cllort74

polynucleotide, a CIT polynucleotide, LY 86 polynucleotide,
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a TST polynucleotide, an OR52R1 polynucleotide, and a
KCNI2 polynucleotide. In one embodiment, the kit includes
agents for detecting biomarkers of a biomarker panel com-
prising a DEFA4 polynucleotide, a CD163 polynucleotide, a
PER1 polynucleotide, a RGS1 polynucleotide, an HIF1A
polynucleotide, a SEPP1 polynucleotide, a Cllort74 poly-
nucleotide, a CIT polynucleotide, LY86 polynucleotide, a

TST polynucleotide, an OR52R1 polynucleotide, and a
KCNI2 polynucleotide.

[0025] In certain embodiments, the kit comprises a
microarray for analysis of a plurality of biomarker poly-
nucleotides. In one embodiment, the kit comprises a
microarray comprising an oligonucleotide that hybridizes to
a DEFA4 polynucleotide, an oligonucleotide that hybridizes
to a CD163 polynucleotide, an oligonucleotide that hybrid-
izes to a PER1 polynucleotide, an oligonucleotide that
hybridizes to a RGS1 polynucleotide, an oligonucleotide
that hybridizes to an HIF1A polynucleotide, an oligonucle-
otide that hybridizes to a SEPP1 polynucleotide, an oligo-
nucleotide that hybridizes to a Cl1ort74 polynucleotide, an
oligonucleotide that hybridizes to a CIT polynucleotide, an
oligonucleotide that hybridizes to a LY 86 polynucleotide, an
oligonucleotide that hybridizes to a TST polynucleotide, an
oligonucleotide that hybridizes to an OR52R1 polynucle-
otide, and an oligonucleotide that hybridizes to a KCNIJ2
polynucleotide.

[0026] In another aspect, the mvention includes a diag-
nostic system comprising a storage component (1.€.,
memory) for storing data, wherein the storage component
has mstructions for determining the diagnosis of the subject
stored therein; a computer processor for processing data,
wherein the computer processor i1s coupled to the storage
component and configured to execute the 1nstructions stored
in the storage component in order to receive patient data and
analyze patient data according to an algorithm; and a display
component for displaying information regarding the diag-
nosis of the patient. The storage component may include
instructions for determining the mortality risk of the subject,
as described herein (see Examples 1). Additionally, the
storage component may further include instructions for
calculating a mortality gene score.

[0027] In certain embodiments, the invention includes a
computer implemented method for determining mortality
risk of a patient suspected of having a life-threatening
condition, the computer performing steps comprising: a)
receiving inputted patient data comprising values for levels
of expression ol DEFA4, CD163, PER1, RGS1, HIF1A,
SEPP1, Cllort74, CIT, LY86, TST, OR52R1, and KCNIJ2
biomarkers 1n a biological sample from the patient; b)
analyzing the level of each biomarker and comparing with
respective reference value ranges for each biomarker; c)
calculating a mortality gene score for the patient based on
the levels of the biomarkers, wherein a higher mortality gene
score for the patient compared to a control subject indicates
that the patient 1s at high risk of mortality within 30 days;
and d) displaying information regarding the mortality risk of
the patient.

[0028] In certain embodiments, the inputted patient data
comprises values for the levels of at least 12 biomarkers 1n
a biological sample from the patient. For example, the
inputted patient data may comprises values for the levels of
a DEFA4 polynucleotide, a CD163 polynucleotide, a PER1
polynucleotide, a RGS1 polynucleotide, an HIF1A poly-
nucleotide, a SEPP1 polynucleotide, a Cl1lort74 polynucle-
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otide, a CIT polynucleotide, LY86 polynucleotide, a TST
polynucleotide, an OR52R1 polynucleotide, and a KCNJ2
polynucleotide.

[0029] In another embodiment, the invention includes a
composition comprising a plurality of in vitro complexes,
wherein the plurality of 1n vitro complexes comprise labeled
probes hybridized to nucleic acids comprising biomarker
DEFA4, CD163, PER1, RGS1, HIF1A, SEPPI1, Cllort/74,
CIT, LY86, TST, OR32R1, and KCNI2 gene sequences, said
labeled probes hybridized to the biomarker gene sequences,
or their complements, wherein said nucleic acids are
extracted from a patient who has a life-threatening condition
(e.g., sepsis, severe trauma, or burn) or are amplification
products of the nucleic acids extracted from the patient who
has a life-threatening condition. Probes may be detectably
labeled with any type of label, including, but not limited to,
a fluorescent label, bioluminescent label, chemiluminescent
label, colorimetric label, or 1sotopic label (e.g., stable trace
1sotope or radioactive 1sotope). In certain embodiments, the
composition 1s 1n a detection device (1.e., device capable of
detecting labeled probe).

[0030] These and other embodiments of the subject inven-
tion will readily occur to those of skill 1n the art 1n view of
the disclosure herein.

BRIEF DESCRIPTION OF THE FIGURES

[0031] FIG. 1 shows the overall study schematic.

[0032] FIG. 2 shows summary ROC curves from discov-
ery datasets. Shown 1s the prognostic power of the 12-gene
set for prediction of mortality in septic patients at admission.
[0033] FIG. 3 shows Forest plots of the alpha and beta
parameters for the summary ROC curve in the discovery
datasets from FIG. 2.

[0034] FIGS. 4-6 show violin plots of the 12-gene scores
for individual patients 1n the discovery cohorts, separate by
survivor status. Inner bars show mean and inter-quartile
range.

[0035] FIG. 7 shows summary ROC curves from valida-
tion datasets. Shown 1s the prognostic power of the 12-gene
set for prediction of mortality in septic patients at admission.
[0036] FIG. 8 shows Forest plots of the alpha and beta
parameters for the summary ROC curve 1n the validation
datasets from FIG. 7.

[0037] FIG. 9 shows violin plots of the 12-gene scores for
individual patients in the validation cohorts, separate by
survivor status. Inner bars show mean and inter-quartile
range.

[0038] FIGS. 10A and 10B show longitudinal data from
validation dataset GSE21802. FIG. 10A shows ROC plots of
mortality prediction broken into bins of time since admis-
sion. FIG. 10B shows individual patient trajectories, sepa-
rated by survivor status.

[0039] FIGS. 11A and 11B show longitudinal data from
validation dataset GSE54514. FIG. 11 A shows ROC plots of
mortality prediction broken into bins of time since admis-
sion. FIG. 11B shows individual patient trajectories, sepa-
rated by survivor status.

[0040] FIGS. 12A and 12B show longitudinal data from
the Glue Grant trauma-bufly coat cohort. FIG. 12A shows
individual patient trajectories of the 12-gene score, sepa-
rated by survivor status. FIG. 12B shows individual patient
trajectories of the MODS score, separated by survivor status.
[0041] FIGS. 13A and 13B show ROC plots of mortality

prediction broken into bins of time since admission 1n the
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Glue Grant trauma-buily coat cohort. FIG. 13 A shows sepsis
patients 1n Day6-Day10 time window at time of diagnosis
(N=12 survivors, 1 non-TBI death). FIG. 13B shows all
patients broken into bins based on day since admission;
shown 1s all-cause mortality prediction. N=179 survivors
and 8 non-survivors at Day 0; later timepoints show the
same patients.

[0042] FIGS. 14A and 14B show longitudinal data from
the Glue Grant burns-whole blood cohort. FIG. 14A shows
individual patient trajectories of the 12-gene score, sepa-
rated by survivor status. FIG. 14B shows individual patient
trajectories of the Denver score, separated by survivor

status.

[0043] FIGS. 15A and 15B show ROC plots of mortality
prediction broken into bins of time since admission in the
Glue Grant burns-whole blood cohort. FIG. 15A shows
sepsis patients at Dayl-Day3 (N=63 survivors, 3 non-sur-
vivors) and Day3-Day7 (N=15 survivors, 5 non-survivors)
time windows at time of diagnosis. FIG. 15B shows all
patients broken into bins based on day since admission;
shown 1s all-cause mortality prediction. N=212 survivors
and 22 non-survivors at Day 0; later timepoints show the
same patients.

[0044] FIGS. 16A and 16B show cell-type enrichment
plots of the 122-gene set (FIG. 16A) and the 12-gene set
(FIG. 16B). Shown are Z-scores of the enrichment of each
gene set across all sorted 1 vitro cell types shown.

DETAILED DESCRIPTION

[0045] The practice of the present invention will employ,
unless otherwise indicated, conventional methods of phar-
macology, chemistry, biochemistry, recombinant DNA tech-
niques and immunology, within the skill of the art. Such
techniques are explained fully 1n the literature. See, e.g., J.
R. Brown Sepsis: Symptoms, Diagnosis and Treatment (Pub-
lic Health 1n the 21st Century Series, Nova Science Pub-
lishers, Inc., 2013); Sepsis and Non-infectious Systemic
Inflammation: From Biology to Critical Care (J. Cavaillon,
C. Adrie eds., Wiley-Blackwell, 2008); Sepsis: Diagnosis,
Management and Health Outcomes (Allergies and Infec-

tious Diseases, N. Khardor1 ed., Nova Science Pub Inc.,
2014); Handbook of Experimental Immunology, Vols. I-1V

(D. M. Werr and C. C. Blackwell eds., Blackwell Scientific
Publications); A. L. Lehninger, Biochemistry (Worth Pub-
lishers, Inc., current addition); Sambrook, et al., Molecular
Cloning: A Laboratory Manual (3rd Edition, 2001); Meth-
ods In Enzymology (S. Colowick and N. Kaplan eds.,
Academic Press, Inc.).

[0046] All publications, patents and patent applications
cited herein, whether supra or 1nira, are hereby incorporated
by reference in their entireties.

I. Definitions

[0047] In describing the present invention, the following
terms will be employed, and are intended to be defined as

indicated below.

[0048] It must be noted that, as used 1n this specification
and the appended claims, the singular forms “a,” “an,” and
“the” include plural referents unless the content clearly
dictates otherwise. Thus, for example, reference to “a bio-

marker” includes a mixture of two or more biomarkers, and
the like.
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[0049] The term ““about,” particularly 1n reference to a
grven quantity, 1s meant to encompass deviations of plus or
minus {ive percent.

[0050] The term “survival” means the time from a deter-
mination of mortality risk of a subject, using biomarkers as
described herein, to the time of death.

[0051] The term “‘survivor” as used herein refers to a
subject who will live for at least 30 more days.

[0052] The term “non-survivor” as used herein refers to a
subject who will die within 30 days.

[0053] A “biomarker” in the context of the present inven-
tion refers to a biological compound, such as a polynucle-
otide which 1s differentially expressed in a sample taken
from a survivor as compared to a comparable sample taken
from a non-survivor of a critical illness or condition (e.g.,
sepsis, severe trauma, or burn). The biomarker can be a
nucleic acid, a fragment of a nucleic acid, a polynucleotide,
or an oligonucleotide that can be detected and/or quantified.
Biomarkers include polynucleotides comprising nucleotide

sequences from genes or RNA transcripts of genes, includ-
ing but not limited to, DEFA4, CD163, PER1, RGSI,

HIF1A, SEPPI1, Cllort74, CIT, LY86, TST, OR52R1, and
KCNJ2.

[0054] The terms “polypeptide” and “protein” refer to a
polymer of amino acid residues and are not limited to a
minimum length. Thus, peptides, oligopeptides, dimers,
multimers, and the like, are included within the definition.
Both full-length proteins and fragments thereof are encom-
passed by the defimition. The terms also include postexpres-
sion modifications of the polypeptide, for example, glyco-

sylation, acetylation, phosphorylation, hydroxylation,
oxidation, and the like.
[0055] The terms “polynucleotide,” “oligonucleotide,”

“nucleic acid” and “nucleic acid molecule” are used herein
to mclude a polymeric form of nucleotides of any length,
either ribonucleotides or deoxyribonucleotides. This term
refers only to the primary structure of the molecule. Thus,
the term 1ncludes triple-, double- and single-stranded DNA,
as well as triple-, double- and single-stranded RNA. It also
includes modifications, such as by methylation and/or by
capping, and unmodified forms of the polynucleotide. More
particularly, the terms “polynucleotide,” “oligonucleotide,”
“nucleic acid” and “nucleic acid molecule” include polyde-
oxyribonucleotides (containing 2-deoxy-D-ribose), polyri-
bonucleotides (containing D-ribose), and any other type of
polynucleotide which 1s an N- or C-glycoside of a purine or
pyrimidine base. There 1s no mtended distinction 1n length
between the terms “‘polynucleotide,” “oligonucleotide,”
“nucleic acid” and “nucleic acid molecule,” and these terms
are used interchangeably.

[0056] The phrase “differentially expressed” refers to dii-
ferences 1n the quantity and/or the frequency of a biomarker
present 1n a sample taken from patients having a life-
threatening condition (e.g., sepsis, severe trauma, or burn) at
high risk of mortality within days (i.e., non-survivor) as
compared to a control subject at low risk of mortality within
30 days (1.e., survivor). For example, a biomarker can be a
polynucleotide which 1s present at an elevated level or at a
decreased level in samples of patients with sepsis compared
to samples of control subjects. Alternatively, a biomarker
can be a polynucleotide which 1s detected at a higher
frequency or at a lower frequency in samples of patients at
high risk of mortality within 30 days (i.e., non-survivors)
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compared to samples of control subjects. A biomarker can be
differentially present in terms of quantity, frequency or both.

[0057] A polynucleotide 1s differentially expressed
between two samples 1f the amount of the polynucleotide in
one sample 1s statistically signmificantly different from the
amount ol the polynucleotide in the other sample. For
example, a polynucleotide 1s differentially expressed 1n two
samples 11 1t 1s present at least about 120%, at least about
130%, at least about 150%, at least about 180%, at least
about 200%, at least about 300%, at least about 500%, at
least about 700%, at least about 900%, or at least about
1000% greater than 1t 1s present in the other sample, or 11 1t
1s detectable 1n one sample and not detectable in the other.

[0058] Alternatively or additionally, a polynucleotide 1s
differentially expressed in two sets of samples 11 the fre-
quency ol detecting the polynucleotide i samples of
patients at high risk of mortality within 30 days (.e.,
non-survivors) 1s statistically significantly higher or lower
than in the control samples. For example, a polynucleotide
1s differentially expressed in two sets of samples 11 1t 1s
detected at least about 120%, at least about 130%, at least
about 150%, at least about 180%, at least about 200%, at
least about 300%, at least about 500%, at least about 700%,
at least about 900%, or at least about 1000% more frequently
or less frequently observed in one set of samples than the
other set of samples.

[0059] A “stmilanity value” 1s a number that represents the
degree of similarity between two things being compared.
For example, a similarity value may be a number that
indicates the overall similarity between a patient’s expres-
s10n proiile using specific phenotype-related biomarkers and
reference value ranges for the biomarkers 1in one or more
control samples or a reference expression profile (e.g., the
similarity to a “‘survivor” expression profile or a “non-
survivor’ expression profile). The similarity value may be
expressed as a similarity metric, such as a correlation
coellicient, or may simply be expressed as the expression
level difference, or the aggregate of the expression level
differences, between levels of biomarkers 1n a patient sample
and a control sample or reference expression profile.

[0060] The terms “subject,” “individual,” and “patient,”
are used interchangeably herein and refer to any mammalian
subject for whom diagnosis, prognosis, treatment, or therapy
1s desired, particularly humans. Other subjects may include
cattle, dogs, cats, guinea pigs, rabbits, rats, mice, horses, and
so on. In some cases, the methods of the invention find use
in experimental animals, 1n vetermary application, and 1n the
development of animal models for disease, including, but
not limited to, rodents including mice, rats, and hamsters;
and primates.

[0061] As used herein, a “biological sample” refers to a
sample of tissue, cells, or tluid 1solated from a subject,
including but not limited to, for example, blood, buily coat,
plasma, serum, blood cells (e.g., peripheral blood mononu-
cleated cells (PBMCS), band cells, neutrophils, metamyelo-
cytes, monocytes, or T cells), fecal matter, urine, bone
marrow, bile, spinal fluid, lymph fluid, samples of the skin,
external secretions of the skin, respiratory, intestinal, and
genitourinary tracts, tears, saliva, milk, organs, biopsies and
also samples of 1n vitro cell culture constituents, including,
but not limited to, conditioned media resulting from the
growth of cells and tissues 1n culture medium, e.g., recom-
binant cells, and cell components.
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[0062] A “test amount” of a biomarker refers to an amount
of a biomarker present 1n a sample being tested. A test
amount can be either an absolute amount (e.g., vg/ml) or a
relative amount (e.g., relative intensity of signals).

[0063] A “diagnostic amount” of a biomarker refers to an
amount of a biomarker 1n a subject’s sample that 1s consis-
tent with a diagnosis of sepsis or prognosis of mortality. A
diagnostic amount can be either an absolute amount (e.g.,
vg/ml) or a relative amount (e.g., relative intensity of
signals).

[0064] A “control amount” of a biomarker can be any
amount or a range of amount which 1s to be compared
against a test amount of a biomarker. For example, a control
amount ol a biomarker can be the amount of a biomarker 1n
a person without a life-threatening condition (e.g., person
without sepsis, severe trauma, or burn), healthy person, or a
survivor. A control amount can be either 1n absolute amount
(e.g., vg/ml) or a relative amount (e.g., relative intensity of
signals).

[0065] The term “antibody” encompasses polyclonal and
monoclonal antibody preparations, as well as preparations
including hybrid antibodies, altered antibodies, chimeric
antibodies and, humanized antibodies, as well as: hybnd
(chimeric) antibody molecules (see, for example, Winter et
al. (1991) Nature 349:293-299; and U.S. Pat. No. 4,816,
567); F(ab'), and F(ab) fragments; F  molecules (noncova-
lent heterodimers, see, for example, Inbar et al. (1972) Proc
Natl Acad Sci USA 69:2659-2662; and Ehrlich et al. (1980)
Biochem 19:4091-4096); single-chain Fv molecules (sFv)
(see, e.g., Huston et al. (1988) Proc Natl Acad Sci USA
85:5879-3883); dimeric and trimeric antibody fragment con-
structs; minibodies (see, e.g., Pack et al. (1992) Biochem
31:1579-1584; Cumber et al. (1992) J Immunology 149B:
120-126); humanized antibody molecules (see, e.g., Riech-
mann et al. (1988) Nature 332:323-327; Verhoeyan et al.
(1988) Science 239:1534-1536; and U.K. Patent Publication
No. GB 2,276,169, published 21 Sep. 1994); and, any
functional fragments obtained from such molecules, wherein
such fragments retain specific-binding properties of the
parent antibody molecule.

[0066] “Detectable moieties” or “detectable labels™ con-
templated for use in the invention include, but are not
limited to, radioisotopes, fluorescent dyes such as fluores-
cein, phycoerythrin, Cy-3, Cy-5, allophycoyanin, DAPI,
Texas Red, rhodamine, Oregon green, Lucifer yellow, and
the like, green fluorescent protein (GFP), red fluorescent
protein (DsRed), Cyan Fluorescent Protein (CEFP), Yellow
Fluorescent Protein (YFP), Cenanthus Orange Fluorescent
Protein (cOFP), alkaline phosphatase (AP), beta-lactamase,
chloramphenicol acetyltransierase (CAT), adenosine deami-
nase (ADA), aminoglycoside phosphotransierase (neo”,
G418") dihydrofolate reductase (DHFR), hygromycin-B-
phosphotransierase (HPH), thymidine kinase (TK), lacZ
(encoding [3-galactosidase), and xanthine guanine phospho-
ribosyltransierase (XGPRT), Beta-Glucuronidase (gus), Pla-
cental Alkaline Phosphatase (PLAP), Secreted Embryonic
Alkaline Phosphatase (SEAP), or Firefly or Bacterial
Luciferase (LUC). Enzyme tags are used with their cognate
substrate. The terms also include color-coded microspheres
of known fluorescent light intensities (see e.g., microspheres
with xXMAP technology produced by Luminex (Austin, TX);
microspheres containing quantum dot nanocrystals, for
example, containing different ratios and combinations of
quantum dot colors (e.g., Qdot nanocrystals produced by
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Lite Technologies (Carlsbad, CA); glass coated metal nan-
oparticles (see e.g., SERS nanotags produced by Nanoplex
Technologies, Inc. (Mountain View, CA); barcode materials
(see e.g., sub-micron sized striped metallic rods such as
Nanobarcodes produced by Nanoplex Technologies, Inc.),
encoded microparticles with colored bar codes (see e.g.,
CellCard produced by Vitra Bioscience, vitrabio.com), and
glass microparticles with digital holographic code images
(see e.g., CyVera microbeads produced by Illumina (San
Diego, CA). As with many of the standard procedures
associated with the practice of the invention, skilled artisans
will be aware of additional labels that can be used.

[0067] “Diagnosis” as used herein generally includes
determination as to whether a subject 1s likely aflected by a
given disease, disorder or dysiunction. The skilled artisan
often makes a diagnosis on the basis of one or more
diagnostic 1indicators, 1.e., a biomarker, the presence,
absence, or amount of which 1s mndicative of the presence or
absence of the disease, disorder or dysfunction.

[0068] “‘Prognosis” as used herein generally refers to a
prediction of the probable course and outcome of a clinical
condition or disease. A prognosis of a patient 1s usually made
by evaluating factors or symptoms of a disease that are
indicative of a favorable or unfavorable course or outcome
of the disease. It 1s understood that the term “prognosis™
does not necessarily refer to the ability to predict the course
or outcome of a condition with 100% accuracy. Instead, the
skilled artisan will understand that the term “‘prognosis”
refers to an increased probability that a certain course or
outcome will occur; that 1s, that a course or outcome 1s more
likely to occur 1n a patient exhibiting a given condition,
when compared to those individuals not exhibiting the
condition.

[0069] ““‘Substantially purified” refers to nucleic acid mol-
ecules or protemns that are removed from their natural
environment and are isolated or separated, and are at least
about 60% {ree, preferably about 75% {1ree, and most
preferably about 90% free, from other components with
which they are naturally associated.

II. Modes of Carrying Out the Invention

[0070] Before describing the present invention 1n detail, 1t
1s to be understood that this invention 1s not limited to
particular formulations or process parameters as such may,
of course, vary. It 1s also to be understood that the termi-
nology used herein 1s for the purpose of describing particular
embodiments of the mnvention only, and 1s not intended to be
limiting.

[0071] Although a number of methods and materials simi-
lar or equuvalent to those described herein can be used 1n the
practice of the present invention, the preferred materials and
methods are described herein.

[0072] The invention relates to the use of biomarkers
cither alone or 1 combination with climical parameters for
aiding diagnosis, prognosis, and treatment of critically 1ll
patients. In particular, the inventors have discovered bio-
markers whose expression profiles can be used for prognosis
of mortality i1n critically 11l patients with sepsis, severe
trauma, or burns (see Example 1).

[0073] In order to further an understanding of the mmven-
tion, a more detailed discussion 1s provided below regarding,
the identified biomarkers and methods of using them in
diagnosis, prognosis, and treatment of critically 11l patients.
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[0074] A. Biomarkers

[0075] Biomarkers that can be used in the practice of the
invention include polynucleotides comprising nucleotide
sequences from genes or RNA transcripts of genes, includ-
ing but not limited to, DEFA4, CD163, PER1, RGSI,
HIF1A, SEPPI1, Cllort74, CIT, LY86, TST, OR52R1, and
KCNI2. Differential expression of these biomarkers 1s asso-
ciated with a high risk of mortality (withuin 30 days) and
therefore expression profiles of these biomarkers are usetul
for prognosis ol mortality 1n critically 1ll patients.

[0076] Accordingly, in one aspect, the invention provides
a method of determining mortality risk of a subject, com-
prising measuring the level of a plurality of biomarkers in a
biological sample derived from a subject suspected of hav-
ing a life-threatening condition, and analyzing the levels of
the biomarkers and comparing with respective reference
value ranges for the biomarkers, wherein diflerential expres-
sion of one or more biomarkers in the biological sample
compared to one or more biomarkers 1 a control sample
indicates that the subject 1s at high risk of mortality within
30 days.

[0077] When analyzing the levels of biomarkers in a
biological sample, the reference value ranges can represent
the levels of one or more biomarkers found 1n one or more
samples of one or more subjects without a critical illness
(e.g., a survivor, healthy subject, or subject without infection
or injury). Alternatively, the reference values can represent
the levels of one or more biomarkers found i one or more
samples of one or more subjects with a critical 1llness (e.g.,
a non-survivor, a subject with sepsis/infection, severe
trauma, or burn). In certain embodiments, the levels of the
biomarkers are compared to time-matched reference values
ranges for non-infected and infected/septic subjects or
injured (e.g., severe trauma or burn) and non-injured sub-
jects.

[0078] The biological sample obtained from the subject to
be diagnosed 1s typically whole blood, bully coat, plasma,
serum, or blood cells (e.g., peripheral blood mononucleated
cells (PBMCS), band cells, metamyelocytes, neutrophils,
monocytes, or T cells), but can be any sample from bodily
fluids, tissue or cells that contain the expressed biomarkers.
A “control” sample, as used herein, refers to a biological
sample, such as a bodily fluid, tissue, or cells that are not
diseased. That 1s, a control sample 1s obtained from a normal
subject (e.g. an 1ndividual known to not have a life-threat-
ening condition), a person who does not have sepsis, severe
trauma, or burn, or a survivor. A biological sample can be
obtained from a subject by conventional techmiques. For
example, blood can be obtained by venipuncture, and solid
tissue samples can be obtained by surgical techniques
according to methods well known 1n the art.

[0079] In certain embodiments, a panel of biomarkers 1s
used for prognosis of mortality risk. Biomarker panels of
any size can be used i the practice of the invention.
Biomarker panels for prognosis of mortality typically com-
prise at least 3 biomarkers and up to 30 biomarkers, includ-
ing any number of biomarkers in between, such as 3, 4, 3,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, or 30 biomarkers. In certain
embodiments, the invention includes a biomarker panel
comprising at least 3, or at least 4, or at least 35, or at least
6, or at least 7, or at least 8, or at least 9, or at least 10, or
at least 11 or more biomarkers. Although smaller biomarker
panels are usually more economical, larger biomarker panels
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(1.e., greater than 30 biomarkers) have the advantage of
providing more detailed information and can also be used in
the practice of the mvention.

[0080] In certain embodiments, the mnvention includes a
panel of biomarkers for prognosis of mortality risk com-
prising one or more polynucleotides comprising a nucleotide
sequence from a gene or an RNA ftranscript of a gene
selected from the group consisting of DEFA4, CDI163,
PER1, RGS1, HIF1A, SEPP1, Cllorf/4, CIT, LY86, TST,
ORS52R1, and KCNIJ2. In one embodiment, the panel of
biomarkers comprises a DEFA4 polynucleotide, a CD163
polynucleotide, a PER1 polynucleotide, an RGS1 poly-
nucleotide, an HIF1A polynucleotide, a SEPP1 polynucle-
otide, a Cllorf/74 polynucleotide, a CIT polynucleotide,

LY86 polynucleotide, a TST polynucleotide, an OR52R1
polynucleotide, and a KCNI2 polynucleotide.

[0081] In certain embodiments, a mortality gene score 1s
used for prognosis of mortality risk. The mortality gene
score 1s calculated by subtracting the geometric mean of the
expression levels of all measured biomarkers that are under-
expressed compared to control reference values for the
biomarkers from the geometric mean of the expression
levels of all measured biomarkers that are overexpressed
compared to control reference values for the biomarkers, and
multiplying the difference by the ratio of the number of
biomarkers that are overexpressed to the number of bio-
markers that are underexpressed compared to control refer-
ence values for the biomarkers. A higher mortality gene
score for the subject compared to reference value ranges for
control subjects indicates that the subject has a high risk of
mortality within 30 days (see Example 1).

[0082] The methods described herein may be used to
identify patients at high risk of mortality who should receive
immediate intensive care. For example, patients 1dentified as
having a high risk of mortality within 30 days by the
methods described herein can be sent immediately to the
ICU for treatment, whereas patients identified as having a
low risk of mortality within 30 days may be further moni-
tored and/or treated 1n a regular hospital ward. Both patients
and clinicians can benefit from better estimates of mortality
risk, which allows timely discussions of patients’ prefer-
ences and their choices regarding life-saving measures.
Better molecular phenotyping of patients also makes pos-
sible 1mprovements in clinical trials, both 1n 1) patient
selection for drugs and interventions and 2) assessment of
observed-to-expected ratios of subject mortality.

[0083] ICU treatment of a patient, identified as having a
high risk of mortality within 30 days, may comprise constant
monitoring of bodily functions and providing life support
equipment and/or medications to restore normal bodily
function. ICU treatment may include, for example, using
mechanical ventilators to assist breathing, equipment for
monitoring bodily functions (e.g., heart and pulse rate, air
flow to the lungs, blood pressure and blood tlow, central
venous pressure, amount of oxygen in the blood, and body
temperature), pacemakers, defibrillators, dialysis equip-
ment, intravenous lines, feeding tubes, suction pumps,
drains, and/or catheters, and/or administering various drugs
for treating the life threatening condition (e.g., sepsis, severe
trauma, or burn). ICU ftreatment may Ifurther comprise
administration of one or more analgesics to reduce pain,
and/or sedatives to induce sleep or relieve anxiety, and/or
barbiturates (e.g., pentobarbital or thiopental) to medically
induce coma.
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[0084] In certain embodiments, a critically 11l patient diag-
nosed with a viral infection 1s further administered a thera-
peutically effective dose of an antiviral agent, such as a
broad-spectrum antiviral agent, an anftiviral vaccine, a
neuramimdase inhibitor (e.g., zanamivir (Relenza) and osel-
tamivir (Tamiflu)), a nucleoside analogue (e.g., acyclovir,
zidovudine (AZT), and lamivudine), an antisense antiviral
agent (e.g., phosphorothioate antisense antiviral agents (e.g.,
Fomivirsen (Vitravene) for cytomegalovirus retinitis), mor-
pholino antisense antiviral agents), an inhibitor of wviral
uncoating (e.g., Amantadine and rimantadine for influenza,
Pleconaril for rhinoviruses), an inhibitor of viral entry (e.g.,
Fuzeon for HIV), an inhibitor of wviral assembly (e.g.,
Rifampicin), or an antiviral agent that stimulates the
immune system (e.g., interferons). Exemplary antiviral
agents include Abacavir, Aciclovir, Acyclovir, Adefovir,
Amantadine, Amprenavir, Ampligen, Arbidol, Atazanavir,
Atripla (fixed dose drug), Balavir, Cidofovir, Combivir
(ixed dose drug), Dolutegravir, Darunavir, Delavirdine,
Didanosine, Docosanol, Fdoxudine, Efavirenz, Emtricit-
abine, Enfuvirtide, Entecavir, Ecoliever, Famciclovir, Fixed
dose combination (antiretroviral), Fomivirsen, Fosamprena-
vir, Foscarnet, Fostonet, Fusion inhibitor, Ganciclovir, Ibac-
itabine, Imunovir, Idoxuridine, Imiquimod, Indinavir, Inos-
ine, Integrase inhibitor, Interferon type 111, Interferon type 11,
Interferon type 1, Interferon, Lamivudine, Lopinavir,
Loviride, Maraviroc, Moroxydine, Methisazone, Nelfinavir,
Nevirapine, Nexavir, Nitazoxanide, Nucleoside analogues,
Novir, Oseltamivir (Tamiflu), Peginterferon alfa-2a, Penci-
clovir, Peramivir, Pleconaril, Podophyllotoxin, Protease
inhibitor, Raltegravir, Reverse transcriptase inhibitor, Riba-
virin, Rimantadine, Ritonavir, Pyramidine, Saquinavir,
Sofosbuvir, Stavudine, Synergistic enhancer (antiretroviral),
Telaprevir, Tenofovir, Tenofovir disoproxil, Tipranavir, Tri-
fluridine, Trizivir, Tromantadine, Truvada, Valaciclovir (Val-
trex), Valganciclovir, Vicriviroc, Vidarabine, Viramidine,
Zalcitabine, Zanamivir (Relenza), and Zidovudine.

[0085] In certain embodiments, a critically 11l patient diag-
nosed with a bacterial infection 1s further administered a
therapeutically etlective dose of an antibiotic. Antibiotics
may include broad spectrum, bactericidal, or bacteriostatic
antibiotics. Exemplary antibiotics include aminoglycosides
such as Amikacin, Amikin, Gentamicin, Garamycin,
Kanamycin, Kantrex, Neomycin, Neo-Fradin, Netilmicin,
Netromycin, Tobramycin, Nebcin, Paromomycin, Humatin,
Streptomycin, Spectinomycin(Bs), and Trobicin; ansamy-
cins such as Geldanamycin, Herbimycin, Rifaximin, and
Xifaxan; carbacephems such as Loracarbel and Lorabid;
carbapenems such as Ertapenem, Invanz, Doripenem,
Doribax, Imipenem/Cilastatin, Primaxin, Meropenem, and
Merrem; cephalosporins such as Cefadroxil, Duricet, Cela-
zolin, Ancel, Cefalotin or Cefalothin, Keflin, Cefalexin,
Keflex, Cefaclor, Distaclor, Cefamandole, Mandol, Cefoxi-
tin, Mefoxin, Ceiprozil, Cetzil, Cefuroxime, Celtin, Zinnat,
Cefixime, Cetdinir, Ceiditoren, Cefoperazone, Celotaxime,
Cetpodoxime, Ceftazidime, Ceftibuten, Ceftizoxime, Cel-
triaxone, Cefepime, Maxipime, Ceftaroline fosamil, Teflaro,
Ceftobiprole, and Zeftera; glycopeptides such as Teicopla-
nin, Targocid, Vancomycin, Vancocin, Telavancin, Vibativ,
Dalbavancin, Dalvance, Oritavancin, and Orbactiv; lincos-
amides such as Clindamycin, Cleocin, Lincomycin, and
Lincocin; lipopeptides such as Daptomycin and Cubicin;
macrolides such as Azithromycin, Zithromax, Surnamed,
Xithrone, Clarnthromycin, Biaxin, Dirithromycin, Dynabac,
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Erythromycin, Erythocin, Erythroped, Roxithromycin, Tro-
leandomycin, Tao, Telithromycin, Ketek, Spiramycin, and
Rovamycine; monobactams such as Aztreonam and
Azactam; mnitrofurans such as Furazolidone, Furoxone,
Nitrofurantoin, Macrodantin, and Macrobid; oxazolidinones
such as Linezolid, Zyvox, VRSA, Posizolid, Radezolid, and
Torezolid; penicillins such as Penicillin V, Veetids (Pen-Vee-
K), Piperacillin, Pipracil, Penicillin G, Plizerpen, Temocil-
lin, Negaban, Ticarcillin, and Ticar; pemicillin combinations
such as Amoxicillin/clavulanate, Augmentin, Ampicillin/
sulbactam, Unasyn, Piperacillin/tazobactam, Zosyn, Ticar-
cillin/clavulanate, and Timentin; polypeptides such as Baci-
tracin, Colistin, Coly-Mycin-S, and Polymyxin B;
quinolones/tluoroquinolones such as Ciprofloxacin, Cipro,
Ciproxin, Ciprobay, Enoxacin, Penetrex, Gatifloxacin,
Tequin, Gemifloxacin, Factive, Levofloxacin, Levaquin,
Lometfloxacin, Maxaquin, Moxitloxacin, Avelox, Nalidixic
acid, NegGram, Norfloxacin, Noroxin, Ofloxacin, Floxin,
Ocutlox Trovatloxacin, Trovan, Grepatloxacin, Raxar, Spar-
floxacin, Zagam, Tematloxacin, and Omniflox; sulfona-
mides such as Amoxicillin, Novamox, Amoxil, Ampicillin,
Principen, Azlocillin, Carbenicillin, Geocillin, Cloxacillin,
Tegopen, Dicloxacillin, Dynapen, Flucloxacillin, Floxapen,
Mezlocillin, Mezlin, Methicillin, Staphcillin, Nafcillin, Uni-
pen, Oxacillin, Prostaphlin, Penicillin G, Pentids, Mafenide,
Sulfamylon, Sulfacetamide, Sulamyd, Bleph-10, Sulfadiaz-
ine, Micro-Sultfon, Silver sulfadiazine, Silvadene, Sulfadi-
methoxine Di-Methox, Albon, Sulfamethizole, Thiosulfil
Forte, Sulfamethoxazole, Gantanol, Sulfanilimide, Sulfasa-
lazine, Azulfidine, Sulfisoxazole, Gantrisin, Trimethoprim-
Sulfamethoxazole (Co-trimoxazole) (ITMP-SMX), Bactrim,
Septra, Sulfonamidochrysoidine, and Prontosil; tetracy-
clines such as Demeclocycline, Declomycin, Doxycycline,
Vibramycin, Minocycline, Minocin, Oxytetracycline, Ter-
ramycin, Tetracycline and Sumycin, Achromycin V, and
Steclin; drugs against mycobacteria such as Clofazimine,
Lamprene, Dapsone, Avlosulifon, Capreomycin, Capastat,
Cycloserine, Seromycin, Ethambutol, Myambutol, Ethiona-
mide, Trecator, Isoniazid, I.N.H., Pyrazinamide, Aldina-
mide, Rifampicin, Rifadin, Rimactane, Rifabutin, Mycobu-
tin, Rifapentine, Priftin, and Streptomycin; others antibiotics
such as Arsphenamine, Salvarsan, Chloramphenicol, Chlo-
romycetin, Fosfomycin, Monurol, Monuril, Fusidic acid,
Fucidin, Metronidazole, Flagyl, Mupirocin, Bactroban, Plat-
ensimycin, Quinupristin/Dalfopristin, Synercid, Thiam-
phenicol, Tigecycline, Tigacyl, Timidazole, Tindamax Fasi-
ogyn, Trimethoprim, Proloprim, and Trimpex.

[0086] In another embodiment, the invention 1ncludes a
method of diagnosing and treating a patient having an
infection, the method comprising: a) obtaining a biological
sample from the patient; b) measuring levels of expression
of DEFA4, CDI163, PER1, RGS1, HIF1A, SEPPI,
Cllort74, CIT, LY86, TST, OR52R1, and KCNIJ2 biomark-
ers 1n the biological sample, wherein increased levels of
expression of the DEFA4, CD163, PER1, RGS1, HIF1A,
SEPP1, Cllorf74, and CIT biomarkers and decreased levels
of expression of the LY86, TST, OR52R1, and KCNIJ2
biomarkers compared to the reference value ranges for the
biomarkers for a control subject indicate that the patient has
sepsis; and ¢) administering a sepsis treatment 11 the patient
1s diagnosed with sepsis. In some embodiments, the method
turther comprises calculating a mortality gene score for the
patient based on the levels of the biomarkers, wherein a
higher mortality gene score for the patient compared to a
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control subject indicates that the patient 1s at high risk of
mortality within 30 days; and admimstering intensive care
unit treatment to the patient if the patient 1s at high risk of
mortality within 30 days. Sepsis treatment may comprise,
for example, administering antimicrobial therapy, support-
1ve care, or an immune-modulating therapy, or a combina-
tion thereof.

[0087] Antimicrobial therapy may include administration
of one or more drugs against all pathogens the patient 1s
likely to be infected with (e.g., bacterial and/or fungal and/or
viral) with preferably broad-spectrum coverage using com-
binations of antimicrobial agents. Combination antimicro-
bial therapy may include at least two different classes of
antibiotics (e.g., a beta-lactam agent with a macrolide,
fluoroquinolone, or aminoglycoside). Broad spectrum anti-
biotics may be admimistered 1n combination with antifungal
and/or antiviral agents. Supportive therapy for sepsis may
include administration of oxygen, blood transiusions,
mechanical ventilation, fluid therapy (e.g., fluid administra-
tion with crystalloids and/or albumin continued until the
patient shows hemodynamic improvement), nutrition (e.g.,
oral or enteral feedings), blood glucose management, vaso-
pressor therapy (e.g. admimistration of norepinephrine, epi-
nephrine, and/or vasopressin to maintain adequate blood
pressure), 1notropic therapy (e.g., dobutamine), renal
replacement therapy (e.g., dialysis), bicarbonate therapy,
pharmacoprophylaxis against venous thromboembolism
(e.g., treatment with heparin or mtermittent pneumatic com-
pression device), stress ulcer prophylaxis, sedation, analge-
s1a, neuromuscular blockade, insulin (e.g., to maintain stable
blood sugar levels), or corticosteroids (e.g., hydrocortisone),
or any combination thereof. Immune-modulating therapy
may 1nclude administration of activated protein C, immu-
noglobulin therapy, anti-platelet therapy, cytokine-blocking
therapy, dialysis for pathogenic proteins or with antibiotic
cartridges, or any combination thereof.

[0088] B. Detecting and Measuring Biomarkers

[0089] It1s understood that the biomarkers 1n a sample can
be measured by any suitable method known in the art.
Measurement of the expression level of a biomarker can be
direct or indirect. For example, the abundance levels of
RNAs or proteins can be directly quantitated. Alternatively,
the amount of a biomarker can be determined indirectly by
measuring abundance levels of cDNAs, amplified RNAs or
DNAs, or by measuring quantities or activities of RINAs,
proteins, or other molecules (e.g., metabolites) that are
indicative of the expression level of the biomarker. The
methods for measuring biomarkers 1n a sample have many
applications. For example, one or more biomarkers can be
measured to aid 1n the prognosis of mortality risk, to
determine the appropriate treatment for a subject, to monitor
responses 1n a subject to treatment, or to 1dentily therapeutic
compounds that modulate expression of the biomarkers 1n
VIVO Or 1n vitro.

[0090] Detecting Biomarker Polynucleotides

[0091] In one embodiment, the expression levels of the
biomarkers are determined by measuring polynucleotide
levels of the biomarkers. The levels of transcripts of specific
biomarker genes can be determined from the amount of
mRNA, or polynucleotides derived therefrom, present 1n a
biological sample. Polynucleotides can be detected and
quantitated by a variety of methods including, but not
limited to, microarray analysis, polymerase chain reaction
(PCR), reverse transcriptase polymerase chain reaction (R1-
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PCR), Northern blot, and serial analysis of gene expression
(SAGE). See, e.g., Draghic1 Data Analysis 1ools for DNA

Microarrays, Chapman and Hall/CRC, 2003; Simon et al.
Design and Analysis of DNA Microarray Investigations,
Springer, 2004; Real-Time PCR: Current lechnology and
Applications, Logan, Edwards, and Saunders eds., Caister
Academic Press, 2009; Bustin A-Z of Quantitative PCR
(IUL Biotechnology, No. 5), International University Line,
2004; Velculescu et al. (19935) Science 270: 484-4877; Mat-
sumura et al. (2005) Cell. Microbiol. 7: 11-18; Serial
Analysis of Gene Expression (SAGE). Methods and Proto-
cols (Methods in Molecular Biology), Humana Press, 2008;
herein incorporated by reference in their entireties.

[0092] In one embodiment, microarrays are used to mea-
sure the levels of biomarkers. An advantage of microarray
analysis 1s that the expression of each of the biomarkers can
be measured simultaneously, and microarrays can be spe-
cifically designed to provide a diagnostic expression profile
for a particular disease or condition (e.g., sepsis).

[0093] Microarrays are prepared by selecting probes
which comprise a polynucleotide sequence, and then 1mmo-
bilizing such probes to a solid support or surface. For
example, the probes may comprise DNA sequences, RNA
sequences, or copolymer sequences of DNA and RNA. The
polynucleotide sequences of the probes may also comprise
DNA and/or RNA analogues, or combinations thereof. For
example, the polynucleotide sequences of the probes may be
tull or partial fragments of genomic DNA. The polynucle-
otide sequences of the probes may also be synthesized
nucleotide sequences, such as synthetic oligonucleotide
sequences. The probe sequences can be synthesized either
enzymatically 1n vivo, enzymatically 1n vitro (e.g., by PCR),
or non-enzymatically in vitro.

[0094] Probes used in the methods of the mvention are
preferably immobilized to a solid support which may be
either porous or non-porous. For example, the probes may
be polynucleotide sequences which are attached to a nitro-
cellulose or nylon membrane or filter covalently at either the
3" or the 5' end of the polynucleotide. Such hybridization
probes are well known 1n the art (see, e.g., Sambrook, et al.,
Molecular Cloning: A Laboratory Manual (3rd Edition,
2001). Alternatively, the solid support or surface may be a
glass or plastic surface. In one embodiment, hybridization
levels are measured to microarrays of probes consisting of a
solid phase on the surface of which are immobilized a
population of polynucleotides, such as a population of DNA
or DNA muimics, or, alternatively, a population of RNA or
RNA mimics. The solid phase may be a nonporous or,
optionally, a porous material such as a gel.

[0095] In one embodiment, the microarray comprises a
support or surface with an ordered array of binding (e.g.,
hybridization) sites or “probes”™ each representing one of the
biomarkers described herein. Preferably the microarrays are
addressable arrays, and more preferably positionally
addressable arrays. More specifically, each probe of the
array 1s preferably located at a known, predetermined posi-
tion on the solid support such that the identity (1.e., the
sequence) of each probe can be determined from 1ts position
in the array (1.e., on the support or surface). Each probe is
preferably covalently attached to the solid support at a single
site.

[0096] Microarrays can be made 1n a number of ways, of
which several are described below. However they are pro-
duced, microarrays share certain characteristics. The arrays
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are reproducible, allowing multiple copies of a given array
to be produced and easily compared with each other. Pref-
erably, microarrays are made from materials that are stable
under binding (e.g., nucleic acid hybridization) conditions.
Microarrays are generally small, e.g., between 1 cm 2 and 25
cm 2; however, larger arrays may also be used, e.g., 1n
screening arrays. Preferably, a given binding site or unique
set of binding sites 1n the microarray will specifically bind
(e.g., hybridize) to the product of a single gene 1n a cell (e.g.,
to a specific mRNA, or to a specific cDNA derived there-
from). However, in general, other related or similar
sequences will cross hybridize to a given binding site.

[0097] As noted above, the “probe” to which a particular
polynucleotide molecule specifically hybridizes contains a
complementary polynucleotide sequence. The probes of the
microarray typically consist of nucleotide sequences of no
more than 1,000 nucleotides. In some embodiments, the
probes of the array consist of nucleotide sequences of 10 to
1,000 nucleotides. In one embodiment, the nucleotide
sequences of the probes are 1n the range of 10-200 nucleo-
tides 1n length and are genomic sequences of one species of
organism, such that a plurality of different probes is present,
with sequences complementary and thus capable of hybrid-
1zing to the genome of such a species of organism, sequen-
tially tiled across all or a portion of the genome. In other
embodiments, the probes are in the range of 10-30 nucleo-
tides 1n length, in the range of nucleotides 1n length, 1n the
range of 20-50 nucleotides 1n length, 1n the range of nucleo-
tides 1n length, in the range of 50-150 nucleotides in length,
in the range of nucleotides in length, or are 60 nucleotides
in length.

[0098] The probes may comprise DNA or DNA “mimics”
(e.g., denvatives and analogues) corresponding to a portion
of an organism’s genome. In another embodiment, the
probes of the microarray are complementary RNA or RNA
mimics. DNA mimics are polymers composed of subunits
capable of specific, Watson-Crick-like hybridization with
DNA, or of specific hybridization with RNA. The nucleic
acids can be modified at the base moiety, at the sugar moiety,
or at the phosphate backbone (e.g., phosphorothioates).
DNA can be obtained, e.g., by polymerase chain reaction
(PCR) amplification of genomic DNA or cloned sequences.
PCR primers are preferably chosen based on a known
sequence ol the genome that will result in amplification of
specific fragments of genomic DNA. Computer programs
that are well known 1n the art are usetful 1n the design of
primers with the required specificity and optimal amplifica-
tion properties, such as Oligo version 5.0 (National Biosci-
ences). Typically each probe on the microarray will be
between 10 bases and 50,000 bases, usually between 300
bases and 1,000 bases in length. PCR methods are well
known 1n the art, and are described, for example, 1n Innis et
al., eds., PCR Protocols: A Guide 1o Methods And Appli-
cations, Academic Press Inc., San Diego, Calif. (1990);
herein incorporated by reference 1n 1ts entirety. It will be
apparent to one skilled in the art that controlled robotic
systems are useful for isolating and amplifying nucleic
acids.

[0099] An alternative, preferred means lfor generating
polynucleotide probes 1s by synthesis of synthetic poly-
nucleotides or oligonucleotides, e.g., using N-phosphonate
or phosphoramidite chemistries (Froehler et al., Nucleic
Acid Res. 14:5399-34077 (1986); McBride et al., Tetrahedron
Lett. 24:246-248 (1983)). Synthetic sequences are typically
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between about 10 and about 500 bases in length, more
typically between about 20 and about 100 bases, and most
preferably between about 40 and about 70 bases 1n length.
In some embodiments, synthetic nucleic acids include non-
natural bases, such as, but by no means limited to, nosine.
As noted above, nucleic acid analogues may be used as
binding sites for hybridization. An example of a suitable

nucleic acid analogue 1s peptide nucleic acid (see, e.g.,
Egholm et al., Nature 363:566-568 (1993); U.S. Pat. No.

[0100] Probes are preferably selected using an algorithm
that takes 1nto account binding energies, base composition,
sequence complexity, cross-hybridization binding energies,

and secondary structure. See Friend et al., International
Patent Publication WO 01/059335, published Jan. 25, 2001;

Hughes et al., Nat. Biotech. 19:342-7 (2001).

[0101] A skalled artisan will also appreciate that positive
control probes, e.g., probes known to be complementary and
hybridizable to sequences 1n the target polynucleotide mol-
ecules, and negative control probes, e.g., probes known to
not be complementary and hybridizable to sequences 1n the
target polynucleotide molecules, should be included on the
array. In one embodiment, positive controls are synthesized
along the perimeter of the array. In another embodiment,
positive controls are synthesized 1n diagonal stripes across
the array. In still another embodiment, the reverse comple-
ment for each probe 1s synthesized next to the position of the
probe to serve as a negative control. In yet another embodi-
ment, sequences from other species of organism are used as
negative controls or as “spike-in” controls.

[0102] The probes are attached to a solid support or
surface, which may be made, e.g., from glass, plastic (e.g.,
polypropylene, nylon), polyacrylamide, nitrocellulose, gel,
or other porous or nonporous material. One method for
attaching nucleic acids to a surface 1s by printing on glass
plates, as 1s described generally by Schena et al, Science
2°70:467-470 (1993). This method 1s especially useful for
preparing microarrays of cDNA (See also, DeRis1 et al,
Nature Genetics 14:457-460 (1996); Shalon et al., Genome
Res. 6:639-645 (1996); and Schena et al., Proc. Natl. Acad.
Sci. U.S.A. 93:10539-11286 (1995); herein incorporated by

reference in their entireties).

[0103] A second method for making microarrays produces
high-density oligonucleotide arrays. Techniques are known
for producing arrays containing thousands of oligonucle-
otides complementary to defined sequences, at defined loca-
tions on a surface using photolithographic techniques for
synthesis 1n situ (see, Fodor et al., 1991, Science 251:767-
773; Pease et al., 1994, Proc. Natl. Acad. Sci. U.S.A.
91:5022-5026; Lockhart et al., 1996, Nature Biotechnology
14:1675; U.S. Pat. Nos. 5,578,832: 5,556,752; and herein
incorporated by reference in their entireties) or other meth-
ods for rapid synthesis and deposition of defined oligonucle-
otides (Blanchard et al., Biosensors & Bioelectronics
11:687-690; herein incorporated by reference 1n its entirety).
When these methods are used, oligonucleotides (e.g.,
60-mers) of known sequence are synthesized directly on a
surface such as a derivatized glass slide. Usually, the array
produced 1s redundant, with several oligonucleotide mol-

ecules per RNA.

[0104] Other methods for making microarrays, e.g., by
masking (Maskos and Southern, 1992, Nuc. Acids. Res.
20:1679-1684; herein 1incorporated by reference 1in 1ts
entirety), may also be used. In principle, any type of array,
for example, dot blots on a nylon hybridization membrane
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(see Sambrook, et al., Molecular Cloning: A Laboratory
Manual, 3rd Edition, 2001) could be used. However, as will
be recognized by those skilled in the art, very small arrays
will frequently be preferred because hybridization volumes
will be smaller.

[0105] Microarrays can also be manufactured by means of
an 1nk jet printing device for oligonucleotide synthesis, e.g.,
using the methods and systems described by Blanchard in
U.S. Pat. No. 6,028,189: Blanchard et al., 1996, Biosensors
and Bioelectronics 11:687-690; Blanchard, 1998, in Syn-
thetic DNA Arrays in Genetic Engineering, Vol. 20, J. K.
Setlow, Ed., Plenum Press, New York at pages 111-123;
herein incorporated by reference 1n their entireties. Specifi-
cally, the oligonucleotide probes in such microarrays are
synthesized 1n arrays, e.g., on a glass slide, by serially
depositing individual nucleotide bases 1n “microdroplets™ of
a high surface tension solvent such as propylene carbonate.
The microdroplets have small volumes (e.g., 100 pL or less,
more preferably 50 pL or less) and are separated from each
other on the microarray (e.g., by hydrophobic domains) to
form circular surface tension wells which define the loca-
tions of the array elements (1.e., the diflerent probes).
Microarrays manufactured by this ink-jet method are typi-
cally of high density, preferably having a density of at least
about 2,500 different probes per 1 cm 2. The polynucleotide
probes are attached to the support covalently at either the 3'
or the 5' end of the polynucleotide.

[0106] Biomarker polynucleotides which may be mea-
sured by microarray analysis can be expressed RNA or a
nucleic acid derived therefrom (e.g., cDNA or amplified
RNA derived from cDNA that incorporates an RNA poly-
merase promoter), including naturally occurring nucleic acid
molecules, as well as synthetic nucleic acid molecules. In
one embodiment, the target polynucleotide molecules com-
prises RNA, including, but by no means limited to, total
cellular RNA, poly(A)™ messenger RNA (mRNA) or a
fraction thereof, cytoplasmic mRNA, or RNA transcribed
from cDNA (1.e., cRNA; see, e.g., Linsley & Schelter, U.S.
patent application Ser. No. 09/411,074, filed Oct. 4, 1999, or
U.S. Pat. Nos. 5,545,522, 5,891,636, or 5,716,785). Methods
for preparing total and poly(A)™ RNA are well known 1n the
art, and are described generally, e.g., 1n Sambrook, et al.,
Molecular Cloning: A Laboratory Manual (3rd Edition,
2001). RNA can be extracted from a cell of interest using
guanidinium thiocyanate lysis followed by CsCl centrifuga-
tion (Chirgwin et al., 1979, Biochemistry 18:5294-5299), a
silica gel-based column (e.g., RNeasy (Qiagen, Valencia,
Calif.) or StrataPrep (Stratagene, La Jolla, Calit.)), or using
phenol and chloroform, as described 1n Ausubel et al., eds.,
1989, Current Protocols In Molecular Biology, Vol. IlI,
Green Publishing Associates, Inc., John Wiley & Sons, Inc.,
New York, at pp. 13.12.1-13.12.5). Poly(A)™ RNA can be
selected, e.g., by selection with oligo-dT cellulose or, alter-
natively, by oligo-dT primed reverse transcription of total
cellular RNA. RNA can be fragmented by methods known

in the art, e.g., by incubation with ZnCl,, to generate
fragments of RNA.

[0107] In one embodiment, total RNA, mRNA, or nucleic
acids derived therefrom, are 1solated from a sample taken
from a patient suspected of having a life-threatening condi-
tion (e.g., sepsis, severe trauma, or burn). Biomarker poly-
nucleotides that are poorly expressed 1n particular cells may
be enriched using normalization techniques (Bonaldo et al.,

1996, Genome Res. 6:791-806).
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[0108] As described above, the biomarker polynucleotides
can be detectably labeled at one or more nucleotides. Any
method known 1n the art may be used to label the target
polynucleotides. Preferably, this labeling incorporates the
label uniformly along the length of the RNA, and more
preferably, the labeling 1s carried out at a high degree of
elliciency. For example, polynucleotides can be labeled by
oligo-dT primed reverse transcription. Random primers
(e.g., 9-mers) can be used 1n reverse transcription to uni-
formly 1ncorporate labeled nucleotides over the full length
of the polynucleotides. Alternatively, random primers may
be used 1n conjunction with PCR methods or T7 promoter-
based 1n vitro transcription methods in order to amplify
polynucleotides.

[0109] The detectable label may be a luminescent label.
For example, fluorescent labels, bioluminescent labels,
chemiluminescent labels, and colorimetric labels may be
used 1n the practice of the invention. Fluorescent labels that
can be used include, but are not limited to, fluorescein, a
phosphor, a rhodamine, or a polymethine dye dernivative.
Additionally, commercially available fluorescent labels
including, but not limited to, fluorescent phosphoramidites
such as FluorePrime (Amersham Pharmacia, Piscataway,

N.I.), Fluoredite (Mulipore, Bediord, Mass.), FAM (ABI,
Foster City, Calif.), and Cy3 or Cy5 (Amersham Pharmacia,
Piscataway, N.J.) can be used. Alternatively, the detectable
label can be a radiolabeled nucleotide.

[0110] In one embodiment, biomarker polynucleotide
molecules from a patient sample are labeled differentially
from the corresponding polynucleotide molecules of a ret-
erence sample. The reference can comprise polynucleotide
molecules from a normal biological sample (1.e., control
sample, e.g., blood from a survivor or a subject not having
sepsis/infection, burn, or trauma) or from a reference bio-
logical sample, (e.g., blood from a non-survivor or a subject
having sepsis/infection, burn, or trauma).

[0111] Nucleic acid hybridization and wash conditions are
chosen so that the target polynucleotide molecules specifi-
cally bind or specifically hybridize to the complementary
polynucleotide sequences of the array, preferably to a spe-
cific array site, wherein its complementary DNA 1s located.
Arrays contaiming double-stranded probe DNA situated
thereon are preferably subjected to denaturing conditions to
render the DNA single-stranded prior to contacting with the
target polynucleotide molecules. Arrays containing single-
stranded probe DNA (e.g., synthetic oligodeoxyribonucleic
acids) may need to be denatured prior to contacting with the
target polynucleotide molecules, e.g., to remove hairpins or
dimers which form due to self-complementary sequences.

[0112] Optimal hybridization conditions will depend on
the length (e.g., oligomer versus polynucleotide greater than
200 bases) and type (e.g., RNA, or DNA) of probe and target
nucleic acids. One of skill in the art will appreciate that as
the oligonucleotides become shorter, 1t may become neces-
sary to adjust their length to achieve a relatively uniform
melting temperature for satisfactory hybridization results.
General parameters for specific (1.e., stringent) hybridization
conditions for nucleic acids are described 1n Sambrook, et
al., Molecular Cloning: A Laboratory Manual (3rd Edition,
2001), and 1n Ausubel et al., Current Protocols In Molecular
Biology, vol. 2, Current Protocols Publishing, New York
(1994). Typical hybridization conditions for the cDNA
microarrays of Schena et al. are hybridization 1n 5.times.
SSC plus 0.2% SDS at 65° C. for four hours, followed by
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washes at 25° C. in low stringency wash bufler (1xSSC plus
0.2% SDS), followed by 10 minutes at 25° C. 1n higher
stringency wash bufler (0.1xSSC plus 0.2% SDS) (Schena et
al., Proc. Natl. Acad. Sci. U.S.A. 93:10614 (1993)). Usetul
hybridization conditions are also provided 1n, e.g., T1jessen,
1993, Hybridization With Nucleic Acid Probes, Elsevier
Science Publishers B. V.; and Kricka, 1992, Nonisotopic
Dna Probe lechniques, Academic Press, San Diego, Calif.
Particularly preferred hybridization conditions include
hybridization at a temperature at or near the mean melting
temperature of the probes (e.g., within 51° C., more pref-
erably within 21° C.) in 1 M NaCl, 50 mM MES bufler (pH

6.5), 0.5% sodium sarcosine and 30% formamide.

[0113] When fluorescently labeled gene products are used,
the fluorescence emissions at each site of a microarray may
be, preferably, detected by scanning confocal laser micros-
copy. In one embodiment, a separate scan, using the appro-
priate excitation line, 1s carried out for each of the two
fluorophores used. Alternatively, a laser may be used that
allows simultaneous specimen 1llumination at wavelengths
specific to the two fluorophores and emissions from the two
fluorophores can be analyzed simultaneously (see Shalon et
al., 1996, “A DNA microarray system for analyzing complex
DNA samples using two-color fluorescent probe hybridiza-
tion,” Genome Research 6:639-645, which 1s incorporated
by reference 1n its entirety for all purposes). Arrays can be
scanned with a laser fluorescent scanner with a computer
controlled X-Y stage and a microscope objective. Sequential
excitation of the two fluorophores 1s achieved with a multi-
line, mixed gas laser and the emitted light i1s split by
wavelength and detected with two photomultiplier tubes.
Fluorescence laser scanning devices are described in Schena
et al., Genome Res. 6:639-645 (1996), and in other refer-
ences cited herein. Alternatively, the fiber-optic bundle
described by Ferguson et al., Nature Biotech. 14:1681-1684
(1996), may be used to monitor mRNA abundance levels at
a large number of sites simultaneously.

[0114] In one embodiment, the i1nvention includes a
microarray comprising an oligonucleotide that hybridizes to
an oligonucleotide that hybridizes to a DEFA4 polynucle-
otide, an oligonucleotide that hybridizes to a CID163 poly-
nucleotide, an oligonucleotide that hybridizes to a PERI
polynucleotide, an oligonucleotide that hybridizes to a
RGS1 polynucleotide, an oligonucleotide that hybridizes to
an HIF1A polynucleotide, an oligonucleotide that hybridizes
to a SEPP1 polynucleotide, an oligonucleotide that hybrid-
1zes to a Cllorf74 polynucleotide, an oligonucleotide that
hybridizes to a CIT polynucleotide, an oligonucleotide that
hybridizes to a LY 86 polynucleotide, an oligonucleotide that
hybridizes to a TST polynucleotide, an oligonucleotide that
hybridizes to an OR32R1 polynucleotide, and an oligonucle-
otide that hybridizes to a KCNI2 polynucleotide.

[0115] Polynucleotides can also be analyzed by other
methods including, but not limited to, northern blotting,
nuclease protection assays, RNA fingerprinting, polymerase
chain reaction, ligase chain reaction, Qbeta replicase, 1s0-
thermal amplification method, strand displacement amplifi-
cation, transcription based amplification systems, nuclease
protection (S1 nuclease or RNAse protection assays), SAGE
as well as methods disclosed in International Publication

Nos. WO 88/10315 and WO 89/06700, and International
Applications Nos. PCT/US87/00880 and PCT/US89/01025;

herein incorporated by reference in their entireties.
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[0116] A standard Northern blot assay can be used to
ascertain an RNA transcript size, identily alternatively
spliced RNA transcripts, and the relative amounts of mRNA
in a sample, 1n accordance with conventional Northern
hybridization techniques known to those persons of ordinary
skill 1n the art. In Northern blots, RNA samples are first
separated by size by electrophoresis in an agarose gel under
denaturing conditions. The RNA 1s then transferred to a
membrane, cross-linked, and hybridized with a labeled
probe. Nonisotopic or high specific activity radiolabeled
probes can be used, including random-primed, nick-trans-
lated, or PCR-generated DNA probes, 1n vitro transcribed
RINA probes, and oligonucleotides. Additionally, sequences
with only partial homology (e.g., cDNA from a diflerent
species or genomic DNA fragments that might contain an
exon) may be used as probes. The labeled probe, e.g., a
radiolabelled cDNA, either containing the full-length, single
stranded DNA or a fragment of that DNA sequence may be
at least 20, at least 30, at least 50, or at least 100 consecutive
nucleotides 1n length. The probe can be labeled by any of the
many different methods known to those skilled 1n this art.
The labels most commonly employed for these studies are
radioactive elements, enzymes, chemicals that fluoresce
when exposed to ultraviolet light, and others. A number of
fluorescent materials are known and can be utilized as labels.
These include, but are not limited to, fluorescein, rhodamine,
auramine, Texas Red, AMCA blue and Lucifer Yellow. A
particular detecting material 1s anti-rabbit antibody prepared
in goats and conjugated with fluorescein through an isoth-
iocyanate. Proteins can also be labeled with a radioactive
clement or with an enzyme. The radioactive label can be
detected by any of the currently available counting proce-
dures. Isotopes that can be used include, but are not limited
to. 3H,, 14C,, 32R SSS,J 36CL 35er STCO:J 58C0j SQFE:,, QDY,, 125L
1311, and '®°Re. Enzyme labels are likewise useful, and can
be detected by any of the presently utilized colorimetric,
spectrophotometric, fluorospectrophotometric, amperomet-
ric or gasometric techniques. The enzyme 1s conjugated to
the selected particle by reaction with bridging molecules
such as carbodiimides, diisocyanates, glutaraldehyde and
the like. Any enzymes known to one of skill in the art can
be utilized. Examples of such enzymes include, but are not
limited to, peroxidase, beta-D-galactosidase, urease, glucose
oxidase plus peroxidase and alkaline phosphatase. U.S. Pat.
Nos. 3,654,090, 3,850,752, and 4,016,043 are referred to by
way of example for their disclosure of alternate labeling
material and methods.

[0117] Nuclease protection assays (including both ribonu-
clease protection assays and Si nuclease assays) can be used
to detect and quantitate specific mRINAs. In nuclease pro-
tection assays, an antisense probe (labeled with, e.g., radio-
labeled or nonisotopic) hybridizes in solution to an RINA
sample. Following hybrnidization, single-stranded, unhybrid-
1zed probe and RNA are degraded by nucleases. An acryl-
amide gel 1s used to separate the remaining protected
fragments. Typically, solution hybridization 1s more eflicient
than membrane-based hybridization, and 1t can accommo-
date up to 100 vg of sample RNA, compared with the 20-30
vg maximum of blot hybridizations.

[0118] The ribonuclease protection assay, which 1s the
most common type of nuclease protection assay, requires the
use of RNA probes. Oligonucleotides and other single-
stranded DNA probes can only be used 1n assays containing
51 nuclease. The single-stranded, antisense probe must
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typically be completely homologous to target RNA to pre-
vent cleavage of the probe:target hybrid by nuclease.

[0119] Senial Analysis Gene Expression (SAGE) can also
be used to determine RN A abundances 1n a cell sample. See,
e.g., Velculescu et al., 1995, Science 270:484-7; Carulli, et

al., 1998, Journal of Cellular Biochemistry Supplements
30/31:286-96; herein incorporated by reference in their
entireties. SAGE analysis does not require a special device
for detection, and 1s one of the preferable analytical methods
for simultaneously detecting the expression of a large num-
ber of transcription products. First, poly A RNA is extracted
from cells. Next, the RNA 1s converted into cDNA using a
biotinylated oligo (dT) primer, and treated with a four-base
recognizing restriction enzyme (Anchoring Enzyme: AE)
resulting in AE-treated fragments containing a biotin group
at therr 3' terminus. Next, the AE-treated fragments are
incubated with streptavidin for binding. The bound cDNA 1s
divided into two fractions, and each fraction i1s then linked
to a different double-stranded oligonucleotide adapter
(linker) A or B. These linkers are composed of: (1) a
protruding single strand portion having a sequence comple-
mentary to the sequence of the protruding portion formed by
the action of the anchoring enzyme, (2) a 5' nucleotide
recognizing sequence of the I'TS-type restriction enzyme
(cleaves at a predetermined location no more than 20 bp
away Irom the recognition site) serving as a tagging enzyme
(TE), and (3) an additional sequence of sutlicient length for
constructing a PCR-specific primer. The linker-linked
cDNA 1s cleaved using the tagging enzyme, and only the
linker-linked ¢cDNA sequence portion remains, which 1s
present in the form of a short-strand sequence tag. Next,
pools of short-strand sequence tags from the two different
types of linkers are linked to each other, followed by PCR
amplification using primers specific to linkers A and B. As
a result, the amplification product 1s obtained as a mixture
comprising myriad sequences of two adjacent sequence tags
(ditags) bound to linkers A and B. The amplification product
1s treated with the anchoring enzyme, and the free ditag
portions are linked into strands 1n a standard linkage reac-
tion. The amplification product 1s then cloned. Determina-
tion of the clone’s nucleotide sequence can be used to obtain
a read-out of consecutive ditags of constant length. The
presence of mRNA corresponding to each tag can then be
identified from the nucleotide sequence of the clone and
information on the sequence tags.

[0120] Quantitative reverse transcriptase PCR (qRT-PCR)

can also be used to determine the expression profiles of
biomarkers (see, e.g., U.S. Patent Application Publication
No. 2005/0048542A1; herein mncorporated by reference in
its entirety). The first step 1n gene expression profiling by
RT-PCR 1s the reverse transcription of the RNA template
into cDNA, followed by its exponential amplification 1n a
PCR reaction. The two most commonly used reverse tran-
scriptases are avilo myeloblastosis virus reverse tran-
scriptase (AMV-RT) and Moloney murine leukemia virus
reverse transcriptase (MLV-RT). The reverse transcription
step 1s typically primed using specific primers, random
hexamers, or oligo-dT primers, depending on the circum-
stances and the goal of expression profiling. For example,
extracted RNA can be reverse-transcribed using a GeneAmp
RNA PCR kit (Perkin Elmer, Calif., USA), following the
manufacturer’s mstructions. The dertved cDNA can then be
used as a template 1n the subsequent PCR reaction.
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[0121] Although the PCR step can use a variety of ther-
mostable DNA-dependent DNA polymerases, 1t typically
employs the Tag DNA polymerase, which has a 3'-3' nucle-
ase activity but lacks a 3'-5' proofreading endonuclease
activity. Thus, TAQMAN PCR typically utilizes the
S'-nuclease activity of Taq or Tth polymerase to hydrolyze
a hybridization probe bound to 1ts target amplicon, but any
enzyme with equivalent 5' nuclease activity can be used.
Two oligonucleotide primers are used to generate an ampli-
con typical of a PCR reaction. A third oligonucleotide, or
probe, 1s designed to detect nucleotide sequence located
between the two PCR primers. The probe 1s non-extendible
by Tag DNA polymerase enzyme, and 1s labeled with a
reporter tluorescent dye and a quencher fluorescent dye. Any
laser-induced emission from the reporter dye 1s quenched by
the quenching dye when the two dyes are located close
together as they are on the probe. During the amplification
reaction, the Tag DNA polymerase enzyme cleaves the
probe 1n a template-dependent manner. The resultant probe
fragments disassociate 1 solution, and signal from the
released reporter dye 1s free from the quenching effect of the
second fluorophore. One molecule of reporter dye 1s liber-
ated for each new molecule synthesized, and detection of the
unquenched reporter dye provides the basis for quantitative
interpretation of the data.

[0122] TAQMAN RT-PCR can be performed using com-

mercially available equipment, such as, for example, ABI
PRISM 7700 sequence detection system. (Perkin-Elmer-
Applied Biosystems, Foster City, Calif., USA), or Lightcy-
cler (Roche Molecular Biochemicals, Mannheim, Ger-
many). In a preferred embodiment, the 3' nuclease procedure
1s run on a real-time quantitative PCR device such as the
ABI PRISM 7700 sequence detection system. The system
consists of a thermocycler, laser, charge-coupled device
(CCD), camera and computer. The system includes software
for running the instrument and for analyzing the data.
S'-Nuclease assay data are inmitially expressed as Ct, or the
threshold cycle. Fluorescence values are recorded during
every cycle and represent the amount of product amplified to
that point 1n the amplification reaction. The point when the

fluorescent signal 1s first recorded as statistically significant
1s the threshold cycle (Ct).

[0123] To minimize errors and the eflect of sample-to-
sample variation, RT-PCR 1s usually performed using an
internal standard. The 1deal internal standard 1s expressed at
a constant level among different tissues, and 1s unaflected by
the experimental treatment. RNAs most frequently used to
normalize patterns of gene expression are mRNAs for the
housekeeping genes glyceraldehyde-3-phosphate-dehydro-
genase (GAPDH) and beta-actin.

[0124] A more recent variation of the RT-PCR technique
1s the real time quantitative PCR, which measures PCR
product accumulation through a dual-labeled fluorigenic
probe (1.e., TAQMAN probe). Real time PCR 1s compatible
both with quantitative competitive PCR, where internal
competitor for each target sequence 1s used for normaliza-
tion, and with quantitative comparative PCR using a nor-

malization gene contained within the sample, or a house-
keeping gene for RT-PCR. For further details see, e.g. Held

et al., Genome Research 6:986-994 (1996).

[0125]

[0126] Biomarker data may be analyzed by a variety of
methods to 1dentity biomarkers and determine the statistical
significance of differences 1n observed levels of biomarkers

Analysis of Biomarker Data
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between test and reference expression profiles in order to
cvaluate whether a patient 1s at risk of mortality within 30
days. In certain embodiments, patient data 1s analyzed by
one or more methods including, but not limited to, multi-
variate linear discriminant analysis (LDA), receiver operat-
ing characteristic (ROC) analysis, principal component
analysis (PCA), ensemble data mining methods, significance
analysis of microarrays (SAM), cell specific significance
analysis ol microarrays (csSAM), spanning-tree progression
analysis of density-normalized events (SPADE), and multi-
dimensional protein identification technology (MUDPIT)
analysis. (See, e.g., Hilbe (2009) Logistic Regression Mod-
¢ls, Chapman & Hall/CRC Press; McLachlan (2004) Dis-
criminant Analysis and Staftistical Pattern Recognition.
Wiley Interscience; Zweig et al. (1993) Clin. Chem. 39:3561 -
577, Pepe (2003) The statistical evaluation of medical tests
for classification and prediction, New York, NY: Oxiord;
Sing et al. (2005) Bioinformatics 21:3940-3941; Tusher et
al. (2001) Proc. Natl. Acad. Sc1. U.S.A. 98:5116-5121; Oza
(2006) Ensemble data mining, NASA Ames Research Cen-
ter, Mollett Field, CA, USA; English et al. (2009) J. Biomed.
Inform. 42(2):287-295; Zhang (2007) Bioinformatics 8:
230; Shen-Orr et al. (2010) Journal of Immunology 184:
144-130; Qu et al. (2011) Nat. Biotechnol. 29(10):886-891;
Ru et al. (2006) J. Chromatogr. A. 1111(2):166-174, Jollifle
Principal Component Analysis (Springer Series 1in Statistics,
2 nd edition, Springer, N Y, 2002), Koren et al. (2004) IEEE
Trans Vis Comput Graph 10:459-470; herein incorporated
by reference 1n their entireties. )

10127] C. Kits

[0128] In yet another aspect, the ivention provides kits
for prognosis of mortality 1n a subject, wherein the kits can
be used to detect the biomarkers of the present invention.
For example, the kits can be used to detect any one or more
of the biomarkers described herein, which are differentially
expressed 1n samples from survivors and non-survivors in
critically 11l patients. The kit may include one or more agents
for detection of biomarkers, a container for holding a
biological sample 1solated from a human subject suspected
of having a life-threatening condition; and printed instruc-
tions for reacting agents with the biological sample or a
portion of the biological sample to detect the presence or
amount of at least one biomarker 1n the biological sample.
The agents may be packaged 1n separate containers. The kit
may further comprise one or more control reference samples
and reagents for performing an immunoassay or microarray
analysis.

[0129] In certain embodiments, the kit comprises agents
for measuring the levels of at least twelve biomarkers of
interest. For example, the kit may include agents for detect-
ing biomarkers of a panel comprising a DEFA4 polynucle-
otide, a CD163 polynucleotide, a PER1 polynucleotide, a
RGS1 polynucleotide, an HIF1 A polynucleotide, a SEPP1
polynucleotide, a Cllorf74 polynucleotide, a CIT poly-
nucleotide, LY 86 polynucleotide, a TST polynucleotide, an
OR52R1 polynucleotide, and a KCNI2 polynucleotide.

[0130] In certain embodiments, the kit comprises a
microarray for analysis of a plurality of biomarker poly-
nucleotides. An exemplary microarray included in the kat
comprises an oligonucleotide that hybridizes to a DEFA4
polynucleotide, an oligonucleotide that hybrnidizes to a
CD163 polynucleotide, an oligonucleotide that hybridizes to
a PER1 polynucleotide, an oligonucleotide that hybridizes to
a RGS1 polynucleotide, an oligonucleotide that hybridizes
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to an HIF1 A polynucleotide, an oligonucleotide that hybrid-
1zes to a SEPP1 polynucleotide, an oligonucleotide that
hybridizes to a Cl1lorf74 polynucleotide, an oligonucleotide
that hybridizes to a CIT polynucleotide, an oligonucleotide
that hybridizes to a LY 86 polynucleotide, an oligonucleotide
that hybridizes to a TST polynucleotide, an oligonucleotide
that hybridizes to an OR52R1 polynucleotide, and an oli-
gonucleotide that hybrldlzes to a KCNIJ2 polynucleotlde
The kit can comprise one or more containers for composi-
tions contained in the kit. Compositions can be 1n hiquid
form or can be lyophilized. Suitable containers for the
compositions include, for example, bottles, vials, syringes,
and test tubes. Containers can be formed from a variety of
materials, including glass or plastic. The kit can also com-
prise¢ a package imsert containing written instructions for
methods of diagnosing sepsis.

[0131] The kits of the invention have a number of appli-
cations. For example, the kits can be used to determine the
mortality risk of a subject suspected of having a life-
threatening condition. Subjects 1dentified as having a high
risk of mortality within 30 days by the methods described
herein can be sent to the ICU for treatment, whereas patients
identified as having a low risk of mortality within 30 days
may be further monitored and/or treated 1n a regular hospital
ward. Both patients and clinicians can benefit from better
estimates of mortality risk, which allows timely discussions
of patient preferences and their choices regarding life-saving
measures. Better molecular phenotyping of patients also
makes possible improvements in clinical trials, both 1 1)
patient selection for drugs and interventions and 2) assess-
ment of observed-to-expected ratios of subject mortality.

[0132] D. Diagnostic System and Computerized Methods
for Determiming Mortality Risk

[0133] In a further aspect, the mvention includes a com-
puter implemented method for determiming mortality risk of
a patient suspected of having a life-threatening condition.
The computer performs steps comprising: receiving mnputted
patient data comprising values for the levels of one or more
biomarkers 1n a biological sample from the patient; analyz-
ing the levels of one or more biomarkers and comparing with
respective reference value ranges for the biomarkers; cal-
culating a mortality gene score for the patient based on the
levels of the biomarkers, wherein a higher mortality gene
score for the patient compared to a control subject indicates
that the patient 1s at high risk of mortality within days; and
displaying information regarding the mortality risk of the
patient. In certain embodiments, the mputted patient data
comprises values for the levels of a plurality of biomarkers
in a biological sample from the patient. In one embodiment,
the mputted patient data comprises values for the levels of

DEFA4, CD163, PER1, RGS1, HIF1A, SEPP1, Cllort74,
CIT, LY86, TST, OR52R1, and KCNJ2 polynucleotides.

[0134] In a further aspect, the invention includes a diag-
nostic system for performing the computer implemented
method, as described. A diagnostic system may include a
computer containing a processor, a storage component (1.€.,
memory), a display component, and other components typi-
cally present 1n general purpose computers. The storage
component stores information accessible by the processor,
including instructions that may be executed by the processor
and data that may be retrieved, manipulated or stored by the
Processor.

[0135] The storage component includes instructions for
determining the mortality risk of the subject. For example,
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the storage component includes mstructions for calculating
the mortality gene score for the subject based on biomarker
expression levels, as described herein (e.g., see Example 1).
In addition, the storage component may further comprise
instructions for performing multivariate linear discriminant
analysis (LDA), receiver operating characteristic (ROC)
analysis, principal component analysis (PCA), ensemble
data mining methods, cell specific significance analysis of
microarrays (csSAM), or multi-dimensional protein identi-
fication technology (MUDPIT) analysis. The computer pro-
cessor 15 coupled to the storage component and configured
to execute the instructions stored 1n the storage component
in order to receive patient data and analyze patient data
according to one or more algorithms. The display compo-
nent displays information regarding the diagnosis and/or
prognosis (e.g., mortality risk) of the patient.

[0136] The storage component may be of any type capable
ol storing information accessible by the processor, such as a
hard-drive, memory card, ROM, RAM, DVD, CD-ROM,
USB Flash drive, write-capable, and read-only memories.
The processor may be any well-known processor, such as
processors from Intel Corporation. Alternatively, the pro-
cessor may be a dedicated controller such as an ASIC.

[0137] The mstructions may be any set of instructions to
be executed directly (such as machine code) or indirectly
(such as scripts) by the processor. In that regard, the terms
“instructions,” “steps” and “programs” may be used inter-
changeably herein. The instructions may be stored 1n object
code form for direct processing by the processor, or 1in any
other computer language including scripts or collections of
independent source code modules that are interpreted on
demand or compiled 1n advance.

[0138] Data may be retrieved, stored or modified by the
processor 1 accordance with the instructions. For instance,
although the diagnostic system 1s not limited by any par-
ticular data structure, the data may be stored 1n computer
registers, 1n a relational database as a table having a plurality
of different fields and records, XML documents, or flat files.
The data may also be formatted 1n any computer-readable
format such as, but not limited to, binary values, ASCII or
Unicode. Moreover, the data may comprise any information
suilicient to identify the relevant information, such as num-
bers, descriptive text, proprietary codes, pointers, references
to data stored 1n other memories (including other network
locations) or information which i1s used by a function to
calculate the relevant data.

[0139] In certain embodiments, the processor and storage
component may comprise multiple processors and storage
components that may or may not be stored within the same
physical housing. For example, some of the instructions and
data may be stored on removable CD-ROM and others
within a read-only computer chip. Some or all of the
instructions and data may be stored in a location physically
remote from, yet still accessible by, the processor. Similarly,
the processor may actually comprise a collection of proces-
sors which may or may not operate in parallel.

[0140] In one aspect, computer 1s a server communicating
with one or more client computers. Each client computer
may be configured similarly to the server, with a processor,
storage component and instructions. Each client computer
may be a personal computer, intended for use by a person,
having all the internal components normally found 1 a
personal computer such as a central processing unit (CPU),
display (for example, a monitor displaying information
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processed by the processor), CD-ROM, hard-drive, user
input device ({or example, a mouse, keyboard, touch-screen
or microphone), speakers, modem and/or network interface
device (telephone, cable or otherwise) and all of the com-
ponents used for connecting these elements to one another
and permitting them to communicate (directly or indirectly)
with one another. Moreover, computers in accordance with
the systems and methods described herein may comprise any
device capable of processing instructions and transmitting
data to and from humans and other computers including
network computers lacking local storage capability.

[0141] Although the client computers and may comprise a
tull-sized personal computer, many aspects of the system
and method are particularly advantageous when used 1n
connection with mobile devices capable of wirelessly
exchanging data with a server over a network such as the
Internet. For example, client computer may be a wireless-
enabled PDA such as a Blackberry phone, Apple 1Phone,
Android phone, or other Internet-capable cellular phone. In
such regard, the user may mput mformation using a small
keyboard, a keypad, a touch screen, or any other means of
user input. The computer may have an antenna for receiving,
a wireless signal.

[0142] The server and client computers are capable of
direct and indirect communication, such as over a network.
Although only a few computers may be used, it should be
appreciated that a typical system can include a large number
of connected computers, with each different computer being
at a different node of the network. The network, and inter-
vening nodes, may comprise various combinations of
devices and communication protocols including the Internet,
World Wide Web, intranets, virtual private networks, wide
area networks, local networks, cell phone networks, private
networks using communication protocols proprietary to one
or more companies, Ethernet, WiF1 and

[0143] HTTP. Such communication may be facilitated by
any device capable of transmitting data to and from other
computers, such as modems (e.g., dial-up or cable), net-
works and wireless 1nterfaces. The server may be a web
SErver.

[0144] Although certain advantages are obtained when
information 1s transmitted or received as noted above, other
aspects of the system and method are not limited to any
particular manner of transmission of information. For
example, 1n some aspects, information may be sent via a
medium such as a disk, tape, tlash drive, DVD, or CD-ROM.
In other aspects, the mformation may be transmitted in a
non-electronic format and manually entered into the system.
Yet further, although some functions are indicated as taking,
place on a server and others on a client, various aspects of
the system and method may be implemented by a single
computer having a single processor.

I1I. Experimental

[0145] Below are examples of specific embodiments for
carrying out the present invention. The examples are offered
tor 1llustrative purposes only, and are not intended to limut
the scope of the present invention 1 any way.

[0146] FEiflorts have been made to ensure accuracy with
respect to numbers used (e.g., amounts, temperatures, etc.),
but some experimental error and deviation should, of course,
be allowed for.
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Example 1
Methods for Prognosis of Mortality in Critically 11l
Patients
[0147] Introduction
[0148] We have previously shown that multi-cohort analy-

s1s 1s an eflective way to find conserved gene expression
signals 1 sepsis 15 and other diseases including organ
transplant rejection, viral infections, and pulmonary tuber-
culosis 16-18. We thus hypothesized that a multi-cohort
analysis examining outcomes in patients with sepsis would
yield a conserved gene set that could robustly predict sepsis
outcomes, and potentially be used as a clinical tool for
disease prognosis.

[0149] Materials and Methods
[0150] Study Design
[0151] The purpose of this study was to use an integrated

multi-cohort meta-analysis framework to analyze multiple
gene expression datasets to 1dentify a set of genes that can
predict mortality 1n patients with sepsis, at the time of
admission. This framework has been described previously ™

16,18.

[0152] Search

[0153] Two public gene expression microarray reposito-
rics (NIH GEO, ArrayExpress) were searched for all human
datasets that matched any of the following search terms:
sepsis, SIRS, trauma, shock, surgery, infection, pneumonia,
critical, ICU, inflammatory, nosocomial. Datasets that com-
pared either healthy controls or patients with non-infectious
inflammation (SIRS, trauma, surgery, autoimmunity) to
patients with acute infections and/or sepsis were kept for
turther study. Datasets that utilized endotoxin i1njection as a
model for SIRS or sepsis were not included. Datasets done
in sorted cells (PBMCs, neutrophils, etc.), were excluded.

[0154] In many cases, mortality and severity phenotypes
were not available in the public data; these authors were

contacted for further data. This included datasets E-MTAB-
1548'%, GSE10474'°, G5E21802°°, GSE32707°,
GSE33341°%%, GSE63042'", GSE63990*°, G5E66099'%-!1>:
24,25, and GSE668907°. In all cases, gene expression data are
publicly available. The mvestigators who contributed these
data did not participate 1n the data analysis described below.
[0155] The two cohorts E-MTAB-4421 and E-MTAB-
4451 came from the same study (GalNs)'®, with the same
inclusion/exclusion criteria, and were processed on the same
microarrays. Thus, after re-normalizing from raw data, we
used ComBat normalization to co-normalize these two
cohorts into a single cohort, which we refer to as E-MTAB-

4421.51.

[0156] Glue Grant Data

[0157] In addition to the publicly-available datasets, we
used the Inflammation and Host Response to Injury Program
(Glue Grant) trauma datasets 27-29. The Glue Grant datasets
contain two cohorts: patients admitted with severe trauma,
and patients admitted with severe burns. The trauma cohorts
further include two sub-cohorts, one which sampled bufly
coat, and the other which sampled sorted cells; the sorted-
cells cohort were excluded from further study Inclusion
criteria are described elsewhere’®. Trauma patients were
sampled at the following days after admaission: 0.5, 1, 4, 7,
14, 21, 28 days; Burn patients were sampled at admission,
and then at the time of their burn operations. The Glue Grant
patients were classified as ‘infected’ if they had a nosoco-
mial ifection (pneumonia, urinary tract infection, catheter-
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related bloodstream infection, etc.), a surgical infection
(excluding superficial wound infections), or underwent sur-
gery for perforated viscus; infection definitions can be found
at gluegrant.org/commonlyreferencedpubs.htm. Samples
drawn within +/-24 hours of the day of diagnosis of infec-
tion were considered to be time of infection. Use of the Glue
Grant was approved by both the Glue Grant Consortium and
the Stanford Unmiversity IRB (protocol 29798).

[0158] Gene Expression Normalization

[0159] All Afiymetrix datasets were downloaded as CEL
files and re-normalized using gcRMA (R package afly).
Output from other arrays were normal-exponential back-
ground corrected and then between-arrays quantile normal-
1zed (R package limma). For all gene analyses, the mean of
probes for common genes was set as the gene expression
level. All probe-to-gene mappings were downloaded from
GEO from the most current SOFT files.

[0160] Multi-Cohort Analysis

[0161] We performed a multi-cohort analysis 135,16,18 of
gene expression in sepsis patients within 48 hours of admis-
sion comparing patients who died within 30 days to patients
who did not. In the rare case where we had information on
which patients died after 30 days, these patients were
excluded. After selecting the input datasets, we combined
ellect sizes within cohorts using Hedges’ g, and then evalu-
ated summary eflects with a DerSimonian-Laird meta-
analysis. Significance thresholds were set at a false discov-
ery rate (FDR) of 0.05, with a summary eflect size greater
than 1.3 fold (1in non-log space).

[0162] We next performed a meta-regression analysis 1n
the cohorts which supplied phenotype data of clinical sever-
ity and age. For each cohort, for each gene, the model was
a regression on mortality (dependent) as a function of
clinical severity plus age plus gene expression level. To keep
the scales between datasets similar, (1) all clinical severity
scores were converted to log-odds mortality, based on mod-
cls 1n their describing papers, and (2) all datasets were
ComBat-normalized together prior to meta-analysis (this
method resets the location and scale of each gene, but
within-cohort differences are preserved). The meta-regres-
sion was carried out using the closed-form method-of-
moments random-eflects model variation 31 of the synthe-
s1s-of-slopes regression method described by Becker and
Wu (2007) 32. Thus, 1n this case, a gene was considered to
be significant 1f 1t had statistically conserved regression
coellicients (betas) across all cohorts for the prediction of
mortality independent of clinical severity and age. An uncor-
rected p value <0.01 was deemed sigmificant.

[0163] In the final step of the analysis, we took as signifi-
cant the union of the gene sets deemed to be significant both
by standard multi-cohort analysis and by meta-regression.
These genes were then used in a greedy iterated search
model, where a greedy forward search was allowed to run to
completion, followed by a greedy backward search, and then
another greedy forward search. This method 1terated until 1t
reached a stable gene set. Only the discovery datasets were
used 1n the search, and the functions maximized the
weighted AUC, which 1s the sum of the AUC of each

discovery dataset multiplied by 1its sample size.
[0164] Gene Score

[0165] Inthe greedy search, and with the final gene set, the
gene score 1s defined as the geometric mean of the gene
expression level for all positive genes minus the geometric
mean of the gene expression level of all negative genes
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multiplied by the ratio of counts of positive to negative
genes. This was calculated for each sample 1n a dataset
separately. Genes not present in an enftire dataset were
excluded; genes missing for individual samples were set to
one

[0166] ROC Curves

[0167] Class discriminatory power was examined compar-
ing the gene scores for classes of 1nterest in each examined
dataset. ROC curves of the gene score were constructed
within datasets, and the area under the curve (AUC) was
calculated using the trapezoidal method. Summary ROC
curves were calculated via the method of Kester and Bun-
tinx, as previously described'®”>. Summary curves were
only used to summarize data from similar comparisons (i.e.,
sepsis patients at admaission).

[0168] Comparison with Severity Scores

[0169] We compared the prognostic power of the gene
score with the prognostic power of the clinical severity
scores 1n all cohorts which contained this information. To do
these calculations, we first performed logistic regression on
either the clinical severity score or the gene score to predict
mortality. We then tested a combined model (mortality as a
function of clinical severity and gene score, without inter-
action term) and measured the AUC of the combined model.

[0170] Validation

[0171] The main validation examined patients admuitted to
the hospital with sepsis, comparing survivors with eventual
non-survivors, as determined by each study’s original inves-
tigators. In the case of datasets with longitudinal data, only
the patients within the first 24-48 hours since admission
were used 1n the summary ROC analysis. ROC plots were
constructed separately for patients at later time points,
broken into bins by day since admission, depending on each
study’s sampling schema.

[0172] Custom analyses were used to study the perfor-
mance of the gene set 1n the Glue Grant datasets. First, all
patients 1n each dataset (trauma and burns) were plotted by
day since 1mnjury for both gene score and daily severity score
(for the trauma patients, this was the MODS score; for the
burn patients, this was the Denver score). Death type was
enumerated as per the original definitions by the Glue Grant
authors: either (1) sepsis death, (2) traumatic brain njury
(TBI)/brain death, or (3) other death. We split out TBI/brain
death as these deaths are often primarily direct sequelae of
the 1nitial 1injury, rather than being caused by host response.
In the burns cohort, several patients were noted to die during
the study period but after 30 days; these patients were
excluded. We then performed two types of ROC analysis. In
the first, we examined patients who contracted sepsis who
cventually died, and compared them with patients who
contracted sepsis but did not die, but only those patients who
contracted sepsis within the same time window were
included. This 1s analogous to examining only the day of
admission in the commumty-acquired sepsis cohorts. In the
second ROC analysis, we examined all patients, comparing,
patients who died of any cause to those who did not. Here
we split the groups into bins by time since admission;
however, some patients were thus repeated between these
groups, and so for the all-cause mortality analysis, the
different time-bins are not independent.

[0173] Cell-Type Enrichment Tests

[0174] Gene sets were evaluated for enrichment in previ-
ously examined 1n vitro immune cell profiles as previously
described">. Briefly, GEO was searched for gene expression




US 2024/0011096 Al

profiles of climical samples of relevant immune cell types.
For multiple samples all corresponding to the same cell type,
the mean of the samples was taken as the final value, thus
creating a single vector for each cell type. Gene scores for
cach gene set were calculated 1n the resulting cell-type
vectors as described above. These scores are then standard-
1zed across all cell types, such that the score represents the
number of standard deviations away from the group mean.
This thus represents how enriched a given gene set 1s 1 a
given cell type, relative to other tested cell types.

[0175] Two gene sets were tested 1in this manner: both the
entire set of genes found to be significant after the multi-
cohort/meta-regress analysis, and the subset of genes found
to be most diagnostic after the iterated greedy search.
Resulting plots show the Z-score (enrichment for the given
gene set) 1 each cell subtype (black dots), as well as a box
plot for the overall distribution of Z-scores (shown 1n red).

[0176] Stafistics and R

[0177] All computation and calculations were carried out
in the R language for statistical computing (version 3.2.0).
Significance levels for p-values were set at 0.05, and analy-
ses were two-tailed, unless specified otherwise.

[0178] Results
[0179] Analysis Overview
[0180] Our systematic search revealed 19 cohorts that

matched inclusion/exclusion criteria”>t!>121415,19-23,26,34-38

Of these, we prospectively identified two datasets as vali-
dation cohorts: GSE54514 and E-MTAB-4421.51. The other
validation datasets (GSE21802, GSE33341, GSE63990)
only had the phenotype data become available after analysis
was completed. Thus, 1n the remaining datasets, we took all
those which specifically examined sepsis patients at admis-
s10on to the hospital or to the ICU, which yielded 12 cohorts,
with a total of 490 survivors and 160 non-survivors (Table
1). We applied two analytic methods to discover genes
significantly associated with mortality (FI1G. 1). In the first,
we performed multi-cohort meta-analysis for differential
gene expression between survivors and non-survivors at
admission, yielding 96 genes significant at FDR<0.05 and
ellect size >1.3-1old. In the second analysis, we performed
synthesis-of-slopes random-etlects meta-regression for mor-
tality as a logistic function of clinical severity, age, and gene
expression. This yielded 35 genes significant at p<0.01.
Notably, the top three most-significant genes 1n the meta-
regression were all from the same pathway, namely, neutro-
phil azurophilic granules: DEFA4, CTSG, and MPO. The
union of the meta-analysis and meta-regression gene sets
was 122 genes, which we took as our ‘significant’ gene list.

[0181] Discovery of the 12-Gene Set

[0182] We next used the 122-gene list to perform an
iterated greedy search on the 12 discovery datasets, trying to
find a gene list which maximized diagnostic performance, as
measured by weighted AUC. Briefly, the algorithm iterates
between a forward and backward greedy search, until 1t
converges on a gene list. This algorithm 1s designed to find
maxima closer to the global maximum than a sitmple forward
search. The algorithm ran to completion, producing a
12-gene set. The genes upregulated 1n patients with mortal-
ity were: DEFA4, CD163, PER1, RGS1, HIF1A, SEPPI,
Cllort74, and CIT, and the downregulated genes were:
LY86, TST, OR52R1, and KCNI2. This 12-gene set had a
mean discovery AUC of 0.847+/-0.081, with a summary
AUC of 0.85 (FIGS. 2-6). In addition, 1n comparing the

mortality gene score with the clinical severity score 1n the
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discovery cohorts, we showed that in all cases, the gene
score 1mproved upon the prediction of mortality using
clinical severity alone (except 1n two cases where clinical
severity perfectly separated mortality; Table 2). Finally, only
one cohort (GSE63042) contained blood lactate levels; 1n
this group, the blood lactate AUC was 0.72, while the
12-gene score AUC was 0.78.

[0183] Direct Validation 1n Sepsis Patients at Admaission

[0184] We next examined the prognostic power of the
12-gene score in the S5 validation datasets that examined

sepsis patients at admission (Table 3). For the two cohorts
which had longitudinal samples (GSE21802 and

GSES4514), we examined only the first 48 or 24 hours after
admission, respectively, without repeating any patients
within the analysis. This thus yielded a total of 415 survivors

and 136 non-survivors. Across these five cohorts, the
12-gene score showed a summary AUC of 0.84 (95% CI

0.58-0.96; FIGS. 7-9). Notably, the AUC was lowest 1n
E-MTAB-4421.51; this cohort allowed patients to be
enrolled 1n a window up to day 5 after admission, possibly
biasing the results. In analysis of the two validation cohorts
with longitudinal sampling (GSE21802, GSE54514), we
saw similar trends, namely, a roughly preserved AUC over
time, until survivor bias 1n the late time-points caused a drop
in AUC (FIGS. 10-11). In addition, in both cohorts, the
12-gene score showed a general trend 1n decrease over time,
meaning that a sample drawn at 5 days after sepsis diagnosis
would have a lower expected score than a sample drawn at
day 1. Such a finding may support a downward bias due to
sampling technique in E-MTAB-4421.51. In addition, both
GSE21802 and GSE54514 included admission severity
scores; we again compared prognostic power alone and 1n
combination with the 12-gene score, showing a small lift

(0.02-0.05) 1n both cases.
[0185] Validation 1n the Glue Grant

[0186] We next examined the Glue Grant trauma (bufly
coat) and burns (whole blood) patients (Table 3). For the
trauma cohorts, we first plotted trajectories of all patients for
both 12-gene score and clinical severity score (FIG. 12),
showing a clear trend of higher gene scores in the mortality
cases. In the one defined sepsis death in this cohort, the
patient’s 12-gene scores are higher than all other scores at
three of four timepoints. We also examined prognostic
power using ROC curves, both for sepsis patients at time of
diagnosis and for all patients over time since admission. The
sepsis patients matched for time of diagnosis showed only
one death, but this was perfectly predicted compared to the
other 12 patients (FIG. 13A). The 12-gene score also showed
moderate prognostic power for all-cause mortality among all
patients over time (AUC 0.75-0.86, FIG. 13B). In the Glue
Grant burns cohort, we performed the same type of analysis,
with similar outcomes. Gene score trajectories ol patients
who died were generally separable from those who lived,
though again clinical severity trajectories did a similarly
good job of 1dentifying these patients (FIG. 14). Examining
time-matched patients with sepsis, predicting diagnosis, the
12-gene score had poor power at day 1-day 3 post-admission
(AUC 0.63), but a much higher power at day 3-day 7 (AUC
0.835); these two time bins contained no overlapping patients
(FIG. 15A). Examining the prediction of all-cause mortality
longitudinally, the burns data showed a range of AUCs
(0.63-0.82), showing an increased over time since admis-
s10n, with particularly poor performance 1n the first 24 hours

since burn (FIG. 15B).
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[0187]

[0188] Finally, to gain some insight into the biology of
these genes, we performed in silico cell-type expression
analysis of both all 122 significant genes, as well as the
prognostic 12-gene set, as previously described (FIG. 16).
Here the hypothesis i1s that an increase 1n signal within a
specific immune cell type may suggest that the change 1n
expression of these genes 1n whole blood may 1n fact signal
a detection of a cell-type shiit, instead of (or 1n addition to)
changes in intracellular transcript levels. Intriguingly, the
122-gene set showed significant enrichment in bands and
metamyelocytes, indicating that immature neutrophils may
be specifically linked to sepsis mortality, 1n line with some
prior suggestions by other groups. However, the 12-gene set
did not show any significant over-enrichment in any cell
types. The negative signal found for centrocytes 1s unlikely
to be biologically relevant, since these cell types are not
present 1n the blood 1 meaningtul quantities.

[0189]

[0190] Sepsis 1s an incredibly heterogeneous syndrome,
including a wide possible range of patient conditions,
comorbidities, acute severity, time since infections, and
underlying immune states. Many have previously hypoth-
esized that a molecular profile of the immune system may be
able to predict sepsis outcomes. However, the best clinical
tools for predicting outcomes remain blood lactate and
climical severity scores, both of which have several limita-
tions. Here, we combined a large amount of data (12 cohorts,
650 patients) to define a set of just 12 genes that 1s able to
predict mortality 1n septic patients. We validated this score
directly 1n 5 cohorts with 551 patients, with a summary ROC
AUC of 0.84. In addition, we showed 1n additional 421
patients admitted with severe trauma or burns that the
12-gene score has preserved predictive power for mortality
in patients with sepsis, as well as some ability to predict
all-cause mortality 1n very broad cohorts.

[0191] This molecular definition of the severity of the host
response 1n sepsis 1s important for several reasons. First,
better sepsis prognosis can improve clinical care by cor-
rectly matching patients with resources: sicker patients can
be diverted to ICU with maximal intervention, while
patients unlikely to die may be sately watched 1n the hospital
ward. Second, both patients and clinicians can benefit from
more-precise estimates ol prognosis, allowing for better
discussions of patient preferences and the choice to inter-
vene. Finally, better molecular phenotyping of sepsis
patients can allow for great improvements in clinical trials,
through both (1) patient selection and prognostic enrichment
for drugs and interventions, and (2) better assessments of
observed-to-expected ratios for mortality>°.

[0192] The genes we have identified as being associated
with sepsis mortality may also denote important underlying
biology. For instance, the top three genes associated with
mortality independent of clinical severity were azurophilic
granule proteases, indicating a presence of very immature
neutrophils (metamyelocytes) 1n the blood. Whether these
proteases are themselves harmiul, or are markers of harmiul
cell-type shifts, remains to be confirmed. Several groups
have shown that late sepsis deaths are mostly due to an
‘immune paralysis’ that aflects the adaptive immune system.
The transcriptomic changes shown here may be thus part of
a cascade of events that i1s indirectly associated with mor-
tality through 1induction of adaptive immune collapse. These

Cell-Type-Specific Expression
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genes may thus be direct therapeutic targets, in addition to
simply being markers for sepsis severity. More study 1s
needed.

[0193] Our analysis has some weaknesses; most notably,
the largest validation dataset, E-MTAB-4421.51 shows the
worst performance of all datasets. There are at least three
possible explanations for this: first, as described, this cohort
allowed inclusion up to day five since admission, but did not
include which day was associated with which patient 1n the
public phenotype file. Since the score appears to fall over
time 1n patients admitted with sepsis, and since there may be
a bias towards sicker patients being enrolled later (as 1t 1s
often dithcult to enroll patients who are very sick at admis-
sion), this could lead to a downward bias. Second, it 1s
possible that this cohort 1s ‘sicker’ than the other cohorts,
although the mean APACHE scores of 18-23 are nearly
identical to those of, say GSE54514, 1n which our diagnostic
power was confirmed. Finally, of course 1t 1s possible that
the gene set may simply not perform well 1n this cohort
either due to 1ts size or some other clinical factors that are
unknown. This seems less likely given that in the 16 other
discovery and validation cohorts, the lowest AUC 1s 0.72
(GSE10474, N=33). In any case, further prospective confir-
mation 1s necessary prior to clinical application.

[0194] Overall, through integrated analysis of the avail-
able transcriptomic data in sepsis, we have derived a set of
12 genes whose levels can be used to predict short-term
(30-day) mortality 1 sepsis patients, with confirmation
across 5351 independent patients from 5 cohorts. These
findings indicate that the whole blood transcriptome does
carry an early signal for eventual mortality. They also
illustrate a set of targets for further mechanistic or thera-
peutic study in severe sepsis. Finally, the 12-gene set could
potentially be used directly as a prognostic test, though
turther prospective confirmation 1s necessary.
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that various changes can be made therein without departing
from the spirit and scope of the mvention.

1-38. (canceled)

39. A method for treating a critically 1ll patient, compris-

ng:

(a) measuring the expression levels of two or more
biomarkers in a biological sample obtained from a
subject;

(b) calculating a composite biomarker value using the
expression levels;

(c) determining that the composite biomarker value
exceeds a threshold value; and

(d) administering organ support or an immunomodulatory
therapy to the patient.

40. The method of claim 39, wherein the two or more

biomarkers comprise at least three biomarkers.

41. The method of claim 39, wherein the two or more
biomarkers are selected from DEFA4, CD163, PER1, RGS1,

HIF1A, SEPP1, Cllort74, CIT, LY86, TST, ORS52RI1,
KCNI2, CTSG, and MPO.

42. The method of claam 41, wherein the measuring
comprises measuring the mRNA expression levels of the
two or more biomarkers.

43. The method of claim 39, wherein the expression levels
of the two or more biomarkers are increased compared to
reference value ranges for the two or more biomarkers,
wherein the reference value ranges are derived from one or
more patients that do not have critical illness requiring ICU
admission.

44. The method of claim 39, wherein the expression levels
of the two or more biomarkers are decreased compared to
reference value ranges for the two or more biomarkers,
wherein the reference value ranges are derived from one or
more patients that do not have critical illness requiring ICU
admuission.

45. The method of claam 39, wherein the composite
biomarker 1s determined by a computer comprising a pro-
cessing unit using a formula based on the expression levels
of the two or more biomarkers.

46. The method of claim 39, wherein the composite
biomarker has been validated 1n multiple cohorts, wherein
the multiple cohorts comprise at least one discovery cohort
from which the composite biomarker value was derived and
at least one validation cohort fully independent from the at
least one discovery cohort.

47. The method of claim 46, wherein the at least one
discovery cohort and the at least one validation cohort
compare hospitalized patient who do not progress to ICU
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admission or mortality within 30 days to those that do
progress to ICU admission or mortality within 30 days.

48. The method of claim 46, wherein the at least one
validation cohort comprises at least three independent
cohorts and has at least 200 samples in total.

49. The method of claim 46, wherein the at least one
validation cohort comprises at least five independent cohorts
and has at least 500 samples 1n total.

50. The method of claim 47, wherein the hospitalized
patients are sepsis, trauma, or burn patients.

51. The method of claim 50, wherein the hospitalized
patients comprise patients within 48 hours of admission.

52. The method of claim 39, wherein the two or more
biomarkers are differentially expressed between patients
who require ICU-level care within 7 days, and those who do
not.

53. The method of claim 46, wherein an area under the
receiver operating characteristic (ROC) curve for the com-
posite biomarker 1s at least 0.75 1n the at least one validation
cohort.

54. The method of claim 46, wherein the average area
under the receiver operating characteristic (ROC) curve for
the composite biomarker across all available validation
cohorts 1s at least 0.75

55. The method of claim 46, wherein an area under the
receiver operating characteristic (ROC) curve for the com-
posite biomarker 1s at least 0.84 1n the at least one validation
cohort.

56. The method of claim 46, wherein the average area
under the receiver operating characteristic (ROC) curve for
the composite biomarker across all available validation
cohorts 1s at least 0.84.

57. The method of claim 39, wherein the biological
sample comprises a whole blood, a bufly coat, a plasma, a
serum, a urine, a saliva, a tissue biopsy, a peripheral blood
mononucleated cell (PBMC), a band cell, a neutrophil, a
monocyte, a T cell, or a combination thereof.

58. The method of claim 39, wherein the measuring
comprises microarray analysis, polymerase chain reaction
(PCR), quantitative PCR (qPCR), reverse transcriptase poly-
merase chain reaction (RT_PCR), 1sothermal amplification,
Northern blot, serial analysis of gene expression (SAGE),
CRISPR, or amplification-free RNA capture.

59. The method of claim 39, further comprising admitting,
the subject to a hospaital.

60. A kit for performing the method of claim 39.
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