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METHODS AND KITS FOR THE RAPID DETERMINATION OF PATIENTS AT

HIGH RISK OF DEATH DURING SEPTIC SHOCK

FIELD OF THE INVENTION

The present invention relates to the field of treatment of serous
medical syndromes such as severe sepsis or septic shock. In particular, the present
invention provides methods and kits to obtain an early evaluation of mortality risk and
help therapeutic decisions for patients in severe sepsis with two organ failures, for

example for patients in septic shock with one additional organ failure.

BACKGROUND AND PRIOR ART

Septic shock is the most severe clinical presentation of sepsis, with a
poor prognosis despite intensive therapeutic support and anti-infectious strategy to
eradicate the infection foci. The sepsis syndrome is defined as symptoms related to the
host response to abnormal presence of micro-organisms or their antigenic fractions. The
local infection might spread out for different reasons to the whole body, with a
particular activation of blood immune cells controlling the innate immunity during the
early phase and activation of the adaptive immunity in a second time. Such an intense
immune activation in blood may in turn target organs that were not initially concerned
by the initial infection, leading to immune toxicity and dysfunction of these organs. The
high mortality rate of septic shock (around 50%) results from a combination of organ
failures, comorbidities and virulence of micro-organisms. Death may occur at different
times of evolution, most often during the first week despite intensive resuscitation.

Treatment of septic shock primarily consists of antimicrobial
chemotherapy, removal of the source of infection when it is possible, and support of
organ failure. Other proposed pathophysiological therapies are still under evaluation. In
septic shock, corticosteroids, especially if combined with a mineralocorticoid, could
reduce mortality among patients who have relative adrenal insufficiency (Annane and
Bellissant, 2000). In patients with multi-organ failure (for example, septic shock plus
one additional organ failure), only Activated Protein C (4PC, also called drotrecogin
alpha) has proven its efficacy in a randomized clinical trial, despite an increased risk of
serious bleeding (Bernard et al., 2001). However, the cost and potential risk of this

innovative drug have limited its wide use.
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Until now, no biological markers have been demonstrated to predict
reliably the patient outcome at the initial day of septic shock. To date, it is hence
impossible to distinguish at a very early stage patients who really need expensive high
tech drugs from patients for whom over treatment must be avoided. Since no clinical or
routine biological parameters may help to discriminate patients in term ot outcome for a

given severity, having a rapid test for such a characterization would be of great help for

the therapeutic strategy making.
In the last decade, the explosive development and use of genetic

techniques applied in sepsis have brought information on sepsis susceptibility in relation
to different genotypes. Such an approach is important but does not allow applying a
specific strategy, since this constitutive genotype cannot be modified. The recent
development of functional genomic methods becomes a tool to analyze the functionality
of the genes, especially when pangenomic microchips are used. Such a technique has
been used to define prognostic footprint in cancer (van 't Veer et al., 2002). Recently,
this approach was used to analyze changes in blood leukocyte gene expression patterns
in healthy human subjects receiving an inflammatory stimulus (bacterial endotoxin).
Human blood leukocyte response to acute systemic inflammation includes the transient

dysregulation of leukocyte bioenergetics (Belikova et al., 2007) and modulation of

translational machinery (Calvano et al., 2005).

SUMMARY OF THE INVENTION

In this context, the inventors have made the hypothesis that a limited
number of positive or negative gene expression modifications in blood white cells may
enable to identify patients at high risk of death, in comparison with patients with good
prognosis. By using the micro-array technology performed with a pangenomic micro-
chip on white blood cells of 48 patients having a septic shock, the inventors have
identified a profile of early gene expression which is indicative of a good or a poor
prognosis. As shown below, these results have been validated by real time PCR applied'
to some of the found genes of interest. For one of these genes, encoding the HLA-DRB4
molecule, the gene expression differed so strongly at day 0 between survivals and dead
patients that a genotyping of this gene was performed. This showed the presence or the
absence of this gene according to its expression.

The present invention hence provides an early biological footprint or
profile indicative of outcome of patients in severe sepsis with at least two organ failures,
and in particular, for patients in septic shock with at least one additional organ failure.
This footprint can be obtained by microarray or by any other technique, such as real
time PCR, which is the most efficient one to date, in terms of sensitivity and rapidity (a
few hours). The status of HLA-DRB4 can also be determined by genotyping. A
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genomic and/or genotyping test according to the present invention can be used for
outcome prediction in a few hours after the onset of septic shock, but also to determine
which patients will be candidate to receive innovative drugs. This later
pharmacogenomic aspect might have an important impact on the cost of septic shock

treatment, since these innovative drugs will be more adequately used. The test can also

be used to check a patient’s response to a given treatment.

- BRIEF DESCRIPTION OF THE DRAWINGS -

Figure 1 shows the principal component analysis (PCA) at day 0, which enables to
display patients into a graphic according to their similarities in expression profiles.
Black spots represent non surviving patients and grey spots represent surviving patients
(n=48 patients).

Figure 2 shows the dendrogram of gene expression profile at day 0 after classification
of dead versus alive patients (n=48) at day 0. The upper part shows the dendrogram for
29 sets of probes, the lower part the dendrogram for 8 sets of probes. Probes sets
intensities were selected according to criteria FC>2 and p-value <0.1.

Figure 3 shows the diagram of Kaplan-Meier from day 0 to day 28 according to the B4
expression status. It shows a dramatic difference in mortality between HLA-DRB4+ and

HLA-DRB4- gene expression at day 0.

Figure 4 shows the ROC (Receiving Operator Characteristics) curves generated by
cross validation and represents the specificity (Sp) and sensibility (Ss) according to the
chosen threshold for cutting in the model built with 29 (A) or 8 (B) sets of probes.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the present text, the following definitions are used:
- a “severe sepsis” is defined as a sepsis syndrome with at least one
organ dysfunction;
- a “septic shock” is defined as a severe sepsis syndrome with
hypotension requiring vasopressors (which constitutes a first organ failure);
- day 0 designates the 24-hours period of severe sepsis after the onset
of two organ failures; in the particular case of septic shock, day 0 hence designates the

24-hours period of septic shock after the onset of a second organ failure;

- “HLA-DRB4” designates, depending on the context, either the
protein or the gene encoding it. As a genetic prognosis marker, HILLA-DRB4 can be
detected either at the genomic level (DNA), or at the mRNA level, or at the protein

level. In what follows, when this or other genes of interest are cited, the same notation 1s
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used for the gene and the protein which it encodes, it being understood that the level ot

expression of a gene can be measured either at the transcription level (nRNA), or at the

translation level (protein).
- a “representative cohort” is a cohort of patients who have undergone

a severe sepsis with at least two organ failures, wherein the outcome of said severe
sepsis is known. A representative cohort must comprise at least 40 patients, with at least
10 in each group (surviving vs/ dead). The patients must have been cared according to

- the recommendations of -the Surviving-Sepsis- Campaign-(Dellinger-et -al.;~2008)-O1 -

course, the skilled artisan can chose to use a more numerous cohort for implementing

the present invention, and the members of the representative cohort must have been

chosen without any selection bias.
- in what follows, and except in particular cases for which a different

definition is specified (e.g., when data from a patient are compared to earlier data
obtained in the same patient), “over-expression” and “under-expression” of a gene mn a
subject is determined by comparing the level of expression of said gene to the mean
expression of the same gene in a representative cohort (including all the subjects of the
cohort), 1t being understood that the level of expression of said gene in said subject is
measured by using the same technique as was used for measuring the level of
expression of the same gene in the subjects of the cohort. A gene will then be
considered as over-expressed if its expression is superior (fold change > 1.2) to the
mean expression in the representative cohort, and under-expressed if it is inferior (fold
change < -1.2) to said mean expression.

According to a first embodiment, the invention pertains to the use of
one gene or a set of two, three, four or more genes selected amongst HLA-DRBA4
(human leucocyte antigen-DRB4), FOSB (FBJ murine osteosarcoma viral oncogene
homolog B), GPR109B (G-protein coupled receptor, HM74), RBP7 (retinol binding
protein 7), TLR7 (Toll like receptor 7), AREG (amphiregulin), THBSI
(thrombospondin 1), CTSL1 (cathepsin L1), IL15 (interleukin 15), HLA-C (major
histocompatibility complex, class I, C), AMFR (autocrine motility factor receptor),
L.OC96610 (hypothetical protein similar to KIAA0187 gene product), IRF5 (interferon
regulatory factor 5), MGC29506 (hypothetical protein MGC29506), EDG3 (endothelial
differentiation,  sphingolipid = G-protein-coupled  receptor, 3), IGLV1-44
(immunoglobulin lambda variable 1 - 44), IFIT2 (interferon-induced protein with
tetratricopeptide repeats 2), IFI44 (interferon-induced protein 44), EPSTI1 (epithehal
stromal interaction 1), TNFRSF17 (tumor necrosis factor receptor superfamily, member
17), TFPI (tissue factor pathway inhibitor), PHACTR?2 (phosphatase and actin regulator
2), PFKFB2 (6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 2) and CHITI
(chitinase 1), as a prognosis marker for a patient in severe sepsis with at least two organ

failures. The use of the same gene or set of genes, as a marker for helping a physician in
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determining a therapeutic strategy and/or in determining the impact of a drug for a
patient in severe sepsis with at least two organ failures is also part of the present
invention. In a preferred embodiment, at least one, two or three of said gene(s) 1s/are
selected amongst HLA-DRB4, AREG, FOSB, GPR109B, RBP7, TLR7, THBS1 and
CTLS1, and even more preferably in the group consisting of HLA-DRB4, AREG and

FOSB.
As described in more details below, up-regulation of one or several

—-genes-selected amongst HLA-DRB4;-FOSB, GPR109B; RBP7;- TLR7, IL15; HLA-C; -

AMFR, LOC96610, IRF5, MGC29506, EDG3, IGLV1-44, IFIT2, IFI44, EPSTII and
TNFRSF17, and/or down-regulation of one or several genes selected amongst AREG,
THBS1, CTLS1, TFPI, PHACTRZ2, PFKFB2 and CHITI1, as measured in a patient 1n
severe sepsis with at least two organ failures, at day 0, are indicative of a good
prognosis. |

Since severe sepsis is a very heterogeneous syndrome, it can be more

relevant to perform a coordinate analysis of several genes, rather than looking at the

expression level of only one gene.
Accordingly, the present invention also concerns a method for in vitro

establishing a prognosis for a subject in severe sepsis with at least two organ failures,
comprising the following steps:

(i) from a sample from said subject, obtaining an expression profile of
a set of genes, wherein said set of genes comprises at least two genes selected amongst
HLA-DRB4, FOSB, GPR109B, RBP7, TLR7, IL15, HLA-C, AMFR, LOC96610,
IRF5, MGC29506, EDG3, IGLV1-44, IFIT2, IFI144, EPSTI1, TNFRSF17, AREG,

THBS1, CTLS1, TFPI, PHACTR2, PFKFB2 and CHIT1; and
(ii) comparing said obtained expression profile to one or two reference

expression profile(s) to establish a prognosis for said subject.
For performing the above method, the reference expression profile(s)

is (are) obtained from a representative cohort. Of course, the same technology will be

used to establish the reference profile(s) and to obtain the expression profile of a tested

subject.
When two reference expression profiles are used, one of them 1s

obtained from the subjects of said cohort who have died from their severe sepsis, while
other reference profile is obtained from the subjects of said cohort who have survived.
In this case, the expression profile of the tested subject is compared to each of these
reference profiles, in order to establish a prognosis. Many statistical techniques have

been described for performing such comparisons, and the skilled artisan is free to chose

any of them.
When only one reference profile is used, it is obtained from all the

subjects of a representative cohort. For example, the reference profile can be obtained
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by determining, for each gene of the considered set of genes, the mean expression level

of said gene in the whole representative cohort.
For comparing a measured profile to a reference profile, the different

components of said profiles are advantageously weighted, using any appropriate
statistical method which provides for greater statistical power than independent

comparison of each of said components.
According to a preferred embodiment of the method according to the

“invention, with only one reference profile, the methed-comprises the-following steps:

(i) the expression levels of n (n > 2) genes are measured n a
biological sample from said patient, wherein at least two of these genes are selected 1n
the group consisting of HLA-DRB4, FOSB, GPR109B, RBP7, TLR7, IL15, HLA-C,
AMFR, LOC96610, IRF5, MGC29506, EDG3, IGLV1-44, IFIT2, IFI44, EPSTII,
TNFRSF17, AREG, THBS1, CTLS1, TFPI, PHACTR2, PFKFB2 and CHIT1;

(ii) a score is calculated as tollows:
Score-:j}:ZﬂAJ-J?j (1)
J=1 |
wherein X ;G =1 to n) are the expression levels of said genes

measured in said biological sample, preferably expressed as centered and reduced data,
and B ; (=1 to n) are calculated regression coefficients;

(iii) the score obtained in step (ii) is interpreted by comparing 1t to a

predetermined threshold.
In the above method, the regression coefficients (/5;) can be

calculated by any multivariate method, such as PLS-R or SVM, from data collected
from a representative cohort. The threshold is determined by the skilled artisan, from
the same representative cohort, and depending on the wished sensitivity and specificity.
Two examples of such equations, with associated threshold and tables of contingency
(referring to the tested cohort), are disclosed in the experimental part below.

In a preferred embodiment of the above method, one, two or three ot
the genes selected in step (i) is/are selected in the group consisting of HLA-DRBA4,
AREG and FOSB. According to this embodiment, additional genes can be selected,
without limitation, amongst GPR109B, RBP7, TLR7, THBS1 and CTLSI1. For
example, the set of genes selected in step (i) can comprise » genes, with » > 8, among
which are HLA-DRB4, AREG, FOSB, GPR109B, RBP7, TLR7, THBS1 and CTLSI

genes.
According to another preferred embodiment of this method, the set of

genes selected in step (i) comprises HLA-DRB4, FOSB, GPR109B, RBP7, TLR7, IL15,
HLA-C, AMFR, LOC96610, IRF5, MGC29506, EDG3, IGLV1-44, 1FIT2, 1Fl44,
EPSTI1, TNFRSF17, AREG, THBS1, CTLS1, TFPI, PHACTR2, PFKFB2 and CHIT]I
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genes, it being understood that other genes not cited in this list can be added to said set
of genes. Indeed, the genes cited in this list have been identified by using a micro-array
technique which presents certain limitations, and identification of additional relevant
genes by another technique must be envisioned.

The methods described above can advantageously used for
establishing a prognosis for a patient in septic shock with at least one additional organ
failure. By using these methods, a physician has an early evaluation of the mortality risk

- -of the patient in severe sepsis or-septic shock, within a few hours-after the onset of a.

second organ failure (or after admission of said patient, if the patient already has two
organ failures upon admission). |

According to a particular embodiment of said methods, the biological
sample comprises white blood cells after removal of mature granulocytes. Alternatively,

biological samples as whole blood or peripheral blood mononuclear cells (PBMC) can

be used to perform the above methods.
From the HLA-DRB4 status and/or the above score y, the invention

helps the physician to quickly decide the pharmacological treatment to be administered
and is part of the present invention. For example, the above method can be used to
determine if a given patient will be a good candidate for Activated Protein C (APC also
called drotrecogin alpha). According to this particular embodiment, the absence of

A

HLA-DRB4 expression or a score y <0.03 indicates the poor prognosis risk and that

administration of APC to said patient is appropriate.
Another aspect of the present invention is a method for determining if

a subject in severe sepsis with at least two organ failures can benefit from the
administration of a given medicinal product. Indeed, the inventors have noticed that
depending on the expression profile at day 0, administration of certain costly molecules
can be necessary or, to the contrary, can be more risky than beneficial. In particular,
HLA-DRB4 status in said patient seems to be an important criterion to be considered.
Accordingly, the present invention concerns a method for determining if a subject mn
severe sepsis with at least two organ failures can benefit from the administration of a
given medicinal product, comprising a step of in vitro determining 1if said patient
expresses HLA-DRBA4.

According to a particular aspect of the above method, the absence of
HLA-DRBA4 in a patient expression indicates that administration of Activated Protein C
(APC, also called drotrecogin alpha) to said patient is appropriate.

Alternatively or complementarily, the expression level of AREG
and/or FOSB genes in said patient, or to other genes cited above, can be measured to
help the physician to quickly decide the pharmacological treatment to be administered

to said patient. For example, in the absence of HLA-DRB4 expression, up-regulation of
one or several genes selected amongst FOSB, GPR109B, RBP7, TLR7, IL15, HLA-C,
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AMFR, LOC96610, IRF5, MGC29506, EDG3, IGLV1-44, IFIT2, [F144, EPSTI] and
TNERSF17, and/or down-regulation of one or several genes selected amongst AREG,
THBS1, CTLS1, TFPI, PHACTR2, PFKFB2 and CHIT1 indicate(s) that said patient

will be a good responder to Activated Protein C.
In a particular embodiment, a score can be calculated for said patient,

as described above, and the physician will consider HLA-DRB4 status and/or said score

to determine if said patient is in need of a particular treatment (such as Activated

- Protein C). -

Another aspect of the present invention concerns the evaluation of the

efficiency of an administered high tech treatment, which comprises a step of measuring
the expression level of one or several genes selected in the group. When performing this

method, the expression level will preferably be measured one, two and/or three days

after the beginning of said high tech treatment.
Another aspect of the present invention concerns the evaluation of the

efficiency of a (new high tech) treatment. This treatment may induce per se different
modifications of gene expression between the responder and the non-responder. Indeed,
the inventors have observed that when a patient is a good responder to a particular
treatment, a normalization of the level of éxpression of the marker genes cited above
can be observed in the hours and/or days following the beginning of the treatment.
Accordingly, the present invention pertains to a method for evaluating the efficiency of
a treatment which has been given to a patient in severe sepsis with at least two organ
failures and, in particular, to a patient in septic shock with at least one additional organ
failure, wherein said method comprises a step of measuring the expression level of one,
two or more genes selected in the group consisting of HLA-DRB4, FOSB, GPR109B,
RBP7, TLR7, IL15, HLA-C, AMFR, LOC96610, IRF5, MGC29506, EDG3, IGLV1-
44, IFIT2, IF144, EPSTI1, TNFRSF17, AREG, THBSI1, CTLS1, TFPI, PHACIRZ,
PFKFB2 and CHIT1 in said patient before the beginning of said pharmaceutical
treatment, and one, two, three or more times after the beginning of said pharmaceutical
treatment. When performing this method, the expression level will preferably be

measured one, two and/or three days after the beginning of said pharmaceutical

A

treatment. Optionally, a score p is calculated as described above, for each time point.

The obtained expression profiles (or score) will then be compared to each other.
According to a particular embodiment of the above method, an up-
regulation of one or several genes selected amongst I OSB, GPR109B, RBP7, TLRY7,
IL15, HLA-C, AMFR, LOC96610, IRF5, MGC29506, EDG3, IGLV1-44, IFIT2, I¥144,
EPSTI1 and TNFRSF17, and/or a down-regulation of one or several genes selected
amongst AREG, THBS1, CTLS1, TFPI, PHACTR2, PFKFB2 and CHIT1 following the
beginning of the pharmaceutical treatment indicate(s) that said treatment has been

beneficial to the patient, it being understood that the up- or down-regulation herein
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corresponds to the evolution of the expression level of a given gene in said patient

between the first measure at D0 and the measures following the administration of the
pharmaceutical treatment. When a score p is calculated as described above, an increase

of said score is also indicative of a good response to the treatment by said patient.
The present invention also relates to a method for selecting patients to

be enrolled in a clinical trial for evaluating a medicinal product in the treatment of

severe sepsis, especially in the treatment of septic shock. Indeed, the future

- development of new drugs and the performance of clinical trials - would-be helped if only.

the patients with a poor prognosis are included, thereby eliminating the “noise” coming
from patients who would have recovered without the drug under examination. A method
for selecting subjects to be enrolled in a clinical trial for evaluating a medicinal product
in the treatment of severe sepsis with at least two organ failures, comprising a step of in
vitro establishing a prognosis for said subjects, by any of the methods described above,
is hence also part of the present invention. According to this method, the subjects
enrolled in the clinical trial are preferably those who have a poor prognosis, i.e., when a
representative cohort is used to define references, those who have an expression profile
at day O (for a set of genes as defined above) which is more similar to that of subjects

who have died from severe sepsis than to the profile of the group of subjects who
survived. When a score § is calculated as described above, the subjects to be enrolled

in the clinical trial are those who have a score inferior to the predetermined threshold.
Alternatively the skilled artisan can chose to enrol subjects only upon determination of

their HLA-DRB4 status, since this seems to be of a critical relevance.
When performing the methods according to the invention, the level of

expression of the selected genes can be measured by any technique, either at the mRNA
level, or at the protein level. In a preferred embodiment of the methods according to the
invention, the transcription level of these genes is measured. The skilled artisan knows
several techniques to perform such a measure, and will use the technique which 1s the
most convenient having regard to the context. Particular parameters to consider are the
rapidity of the result, its reliability, and the cost of the measure. For example, the level
of mRNA encoding the genes of interest can be measured by real-time RT-PCR. A
detailed protocol for doing so for HLA-DRB4, including the primers sequence, Is
described in the experimental part below, but the skilled artisan can perfectly modify
this protocol. Alternatively, the level of mRNA encoding the selected genes can be
measured by macro- or micro-array, using either a standard chip or a chip which has
been designed specifically for performing the methods of the present invention. In a
particular embodiment of the above methods, the expression level of one or several
genes selected in the group consisting of HLA-DRB4, FOSB, GPR109B, RBP7, TLRY7,
IL15, HLA-C, AMFR, LOC96610, IRF5, MGC29506, EDG3, IGLV1-44, TFIT2, 1F144,
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EPSTI1, TNFRSF17, AREG, THBSI, CTLS1, TFPI, PHACTR2, PFKFB2 and CHIT1

is measured by microarray.
As described in the experimental part below, the inventors have

observed that when the HLA-DRB4 gene is present in the genome of a patient, this gene
5 is always expressed. The above-described methods can hence comprise a step of HLA-

DR genotyping. The HLA-DR loci comprise only one alpha gene and 4 functional beta
genes called DRB1, DRB3, DRB4 and DRB5. More than 100 different alleles encode

little allelic diversity for DRB3, 4 and 5. It is now established that particular DRBI1
10 alleles are always associated with DRB4 (Bodmer et al., 1992; Nepom and Erlich,
1991). Indeed, the presence in DRB1 of a DR4, DR7 or DRY allele implies that the
DRB4 gene is present in the genome. As a consequence, the methods according to the
present invention can comprise a step of genotyping either the DRB1 locus, or the

DRB4 locus (or both). Of course, such a genotyping step can be done as an alternative
15 or in addition to the determination of the transcription level of the HLA-DRBA4

(putative) gene. Any technique known by the skilled artisan can be used to perform this
genotyping, such as, for example, a semi-automated method as described by Pachot e
al. (Pachot et al., 2007).
The methods described above can also comprise, as an alternative or
20 in addition, a step of measuring, in a sample from said patient, the level of one or
several of the proteins encoded by the genes cited in the above list. This can be done by
any immunoassay which the skilled artisan will consider as approprate.
Another important aspect of the present invention is a kit for
performing any of the methods described above. In a particular embodiment, a kit
25 according to the invention comprises one, two or three pairs of primers, wherein each
pair of primers is specific for a gene selected amongst HLA-DRB4, AREG and FOSB.
Such a kit can also comprise probes for performing real-time amplification of part of
one or several of the selected genes. A set of primers and probe for real-time
amplification of part of the HLA-DRB4 gene is described in the experimental part
30 below. Of course, the skilled artisan can chose to use different primers and probes
specific for HLA-DRB4 to constitute a kit according to the invention, and the sequences
indicated herein are not limitative. In another embodiment of the kit of to the invention,
the kit is adapted for genotyping the HLA-DRB4 gene. According to this embodiment,
the kit can comprise, for example, reagents for DNA extraction. A kit according to the
35  invention will also advantageously comprise a notice mentioning the relevance of the
level of expression of the selected genes in the prediction of the outcome of severe

sepsis with at least two organ failures.
Of course, a kit according to the present invention can further

comprise one or several additional pairs of primers, wherein each pair of primers 1S
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specific for one sequence selected in the group consisting of 18S rRNA, GPR109B,
RBP7, TLR7, IL15, HLA-C, AMFR, LOC96610, IRF5, MGC29506, EDG3, IGLV1-
44, IFIT2, IF144, EPSTI1, TNFRSF17, THBS1, CTLSI1, TFPI, PHACTR2, PFKFB2
and CHIT1 genes.
' In the above kits, the primer(s) and/or probe(s) can advantageously be
labeled. Any labeling technique known by the skilled artisan can be used to that
purpose.
B ‘Reagents and/or enzymes for performing amplification reactions can
also be included in such a kit. The skilled artisan perfectly knows which reagents and
enzymes can be used (and therefore, introduced in the kits) to perform amplification

reactions such as polymerase chain reaction (PCR), reverse transcription-polymerase

chain reaction (RT-PCR) and the like.
In another embodiment of a kit according to the invention, this kit

comprises a chip enabling hybridization of nucleic acids specific for at least two genes
selected in the group consisting of HLA-DRB4, AREG, FOSB, GPR109B, RBP7,

TLR7, IL15, HLA-C, AMFR, LOC96610, IRF5, MGC29506, EDG3, IGLV1-44, IF1T2,
[F144, EPSTI1, TNFRSF17, THBS1, CTLS1, TFPI, PHACTR2, PFKFB2 and CHIT1.

Such a kit will preferably also comprise a notice of use, which will

advantageously explain how to interpret the results.
The kits according to the present invention can be designed to perform

the above-described methods either from a whole blood sample, or from isolated

PBMC. In this latter case, the kits can optionally also comprise reagents for PBMC

isolation.
Other characteristics of the invention will also become apparent in the

course of the description which follows of the biological assays which have been
performed in the framework of the invention and which provide it with the required

experimental support, without limiting 1ts scope.

EXAMPLES
Material and Methods

Patients
The multicenter study was approved by the Cochin Hospital Ethics

Committee (# CCPPRB 2061) and concered patients from 4 Intensive Care Units in
France (2 medical and 2 surgical ICUs from AP-HParis) , having septic shock defined
according to the ACCP/SCCM consensus. The patients have been enrolled after
obtaining written informed consent from their next of kin. Inclusion criteria: patients In

septic shock having at least two organ failures (defined by sequential organ failure
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assessment (Vincent et al., 1998) related to sepsis, within the 24 hours after the
occurrence of the second organ failure; exclusion criteria: age lower than 18 y/o;
treatment for cancer within the last 6 months; recent treatment for immune or
hematologic diseases; a life expectancy inferior to 6 months. The day of inclusion
corresponded to the first blood sampling quoted day O, within 24 hours after the
occurrence of the second organ failure. Blood samples consisted in 15 ml on EDTA.
Sixteen patients died within the 28-day follow-up, although 50% were

-treated by APC. Among the twelve patients (over 48) treated with APC, 8 patients

(67%) died.

Total RNA isolation

White cells were isolated by gradient centrifugation (Histopaque,
Sigma, St Quentin Fallavier, France) to eliminate mature polymorphonuclear cells.
Total RNA was extracted using the Qiagen Rneasy kit (Qiagen GmbH, Germany). All
RNA samples were treated with RNase-free DNAse.

Microarrays procedure
Quality of RNA samples was assessed using RNA 6000 Nano chips

(Agilent technologies, Palo Alto, CA, USA) and quantity of RNA samples was assessed
by measuring the absorbance at 260 nm with spectrophotometer NanoDrop ND-1000

‘(Labtech international Biotech, Ringmer, UK). Preparation of cRNA was performed

according to the protocols of the manufacturer (Affymetrix, Santa Clara, CA USA).
Briefly, Sug of RNA samples were used to generate first-strand cDNA using a T7-
oligo(DT) primer and the Superscript I Reverse Transcriptase. Second-strand synthesis
was achieved using a cocktail of enzymes from E. coli (DNA ligase and DNA
polymerase I), Rnase H followed by an incubation with T4 DNA polymerase. Clean-up
of double-stranded ¢cDNA was done using the GeneChip Sample Cleanup Module
(Affymetrix). In vitro transcription was carried out in the presence of T7 RNA
Polymerase and a biotinylated nucleotide analog/ribonucleotide mix for complementary
RNA (cRNA) amplification and biotin labelling (GeneChip IVT Labeling Kit).
Resulting biotinylated cRNA were cleaned-up using the GeneChip Sample Cleanup
Module and quantified by absorbance measurement at 260 nm (NanoDrop). Starting
with Sug of total RNA yielded between 50 and 80ug of purified cRNA. Then, 20 pg of
cRNA from samples were incubated at 94°C for 35 min in a fragmentation buffer to be
reduced into a mean size of approximately 35-200 nucleotides and finally added to the
hybridisation buffer. Fragmented cRNA were hybridised on Affymetrix HG-U133 Plus
2.0 array for 16 hours at 45°C together with internal hybridisation controls (bioB, bioC,
bioD, cre and oligonucleotide B2). The washing and staining procedure was performed'
in the Affymetrix Fluidics Station 450. Probe arrays were exposed to 10 washes 1n non-
stringent wash buffer A (6x SSPE, 0.01% Tween20) at 30°C, followed by 6 washes 1n
stringent buffer B (100mM MES, 0.1M [Na'], 0.01% Tween20) at 50°C. The
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biotinylated cRNA were stained with a streptavidin-phycoerythrin conjugate (SAPE,.
10pg/ml) 5 minutes at 35°C and washed again with non-stringent buffer A (10 washes
at 30°C). An antibody amplification step was added using goat IgG (0.1mg/ml) and anti-
streptavidin antibody biotinylated (3pg/ml) followed by an additional SAPE stain (5
minutes at 35°C for each step). Finally, arrays were washed 15 times 1n non-stringent

buffer A at 35°C before scanning in Affymetrix GeneChip Scanner 3000.
The array contains ~54600 human probe sets corresponding to

- approximately 22400 Unigene clusters. CEL files were produced using GCOS

(GeneChip® Operating Software). Normalisation of data was performed using GC-
robust multi-array average (GC-RMA) that generates intra- and inter-chips

normalizations in a single step.

Real time PCR
To validate the levels of expression of genes obtained by microarray

analysis, a real time PCR was performed for the 8§ most important genes and for an
endogenous control eukaryotic 18S rRNA. Reverse transcription reactions were
performed according to established methods or manufacturer specifications (High
Capacity cDNA Archive kit, Applied Biosystems, Foster City, CA, USA). Brietly, the
probes contain a 6-carboxy-fluorescein phosphoramdite (FAM dye) label at the 5' end
of the gene and a minor groove binder and nonfluorescent quencher at the 3' end and are
designed to hybridize across exon junctions. The assays are supplied with primers and

probe concentrations of 900 nM and 250 nM, respectively.
The gene expression assay for HLA-DRB4 was performed with the

following primers and probe, which have been used at the same concentration for the

three of them:
Forward primer: TTTGTGCTTCCCTTTACCTAAACTG (SEQ ID No: 1);

Reverse primer: AATAATGCAATGTGTGGCACAAG (SEQ ID No: 2); and

Probe: CCTGCCTCCCGTGCATCTGTACTCC (SEQ ID No: 3).
The other selected assays were referenced as “inventoried” assays

(inventoried Assay ID, Applied Biosystems). Information about these assays are

provided in Tables 1 and 2 below.
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" FBJ murine osteosarcoma viral NM 006732.1 | Hs00171851 m1
oncogene homolog B . |

AREG | @mphiregulin (schwannoma-derived | ¢ 1657.2 | Hs00155832 ml
- growth factor) - — J

e il P

——

RBP7 retinol binding protein 7/, cellular NM 052960.1 | Hs00364812 ml
THBS1 | ~ thrombospondin 1 | NM_003246.2 | Hs00962914 m1 |
TIR7 |  toll-like receptor 7 NM 016562.3 [ Hs00152971_ml1 |
| CTSL1 | __ cathepsin L1 NM 145918.2 | Hs00377632_m1 |
18S Eukaryotic 18S rRNA X03205.1 | Hs99999901 sl

Table 1: References of the gene expression assays designed and distributed by Applied
Biosystems and used in the present study.

~ Gene Chromosome Target Context sequeflce SEQ ID
exon No:
FOSB 19 CGGCCTCCCAGGAGTGCGCCGGTCT | 4
| _A_ 4 4 | CAGTCCAGCTTAGAAGACAATACGT 5
' GPR 12 6 | GAAGAAGAAGTTGCTGATCCAGAAT | 6
B RBP7 1 3 ACTCCACCTGGAAATGTTCTGTGAA 7
 THBSI 15 71 | AAATACGAATGTAGAGATCCCTAAT § |
TLR7 X 2 | AAAAATGGTGTTTCCAATGTGGACA 9
CTSL1 9 7 | GAAGAACAGCTGGGGTGAAGAATGG | 10
18S - TCCATTGGAGGGCAAGTCTGGTGCC | 11

Table 2: Nucleotide sequence surrounding each probe designed by Applied Biosystems
To control possible variations among PCR runs, which have been

performed on different days, 2 types of negative PCR controls were done (PCR
substrate resulting of a RT without template = no template control (NTC) for each plate
of amplification and for each TagMan Gene Expression Assay. Absence of
contamination of the PCR mix was checked by looking at PCR substrate resulting from
RT without polymerase (= No amplification control, NAC), which had to generate no
flurorescence signal. Eukaryotic 18S ribosomal RNA was used as the endogenous RNA
controls (Assay ID: Hs99999901 s1; Applied Biosystems).

The level of messenger RNA (mRNA) was measured at day 0 with
TagMan Gene Expression Assays on Rotorgene 3000 (Corbett Lite Sciences, Sydney).

Genes were selected because of their differential expression on the microarray between

dead and alive patients.
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Genotyping

Because of the large difference in HLA-DRB4 expression between
survivals and dead patients (FC>5), the genotyping of this gene was performed 1n all
patients. Genomic DNA used for HLA-DRB4 typing was extracted through salting-out
technique from fresh peripheral blood leucocytes. HLA-DRB4 samples were typed at
high resolution DNA based typing (allelic level) using the Polymerase Chain Reaction-
Sequence Specific Primers (PCR-SSP) amplifications (one Lambda, Inc., Canoga Park,
CA or Genovision).

Statistics

Standard statistical analysis: quantitative results were expressed In
median + Inter Quartile Range (IQR). Comparison of patient clinical characteristics was
done for quantitative measures with a Mann-Whitney test and for qualitative measures
with Fisher exact test at day 0. p<0.05 was considered as statistically significant.

Microarray analysis: genes with significant differential expression
between surviving and non-surviving patients were identified using statistical packages
from Bioconductor (http://www.bioconductor.org). After GC-RMA (Gene Chip Robust
Multiarray Averaging) normalization (Irizarry et al., 2003), data were subjected to
unpaired t-test for outcome at DO. Global transcriptional profiles were visualized 1n 2-
dimentional space spanned by the two first factors of the Principal Component Analysis
(PCA) at day 0 (figure 1). Twenty-nine sets of probes, corresponding to 24 genes, were
identified at day O (tables 3 and 4) and were analyzed using hierarchical clustering

methods. Among them, 8 genes were further selected as a top list (table 2), taking 1nto

account the classification by p-value and fold change (FC).
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1202087 s at. CTSL _ cathepsin L -2,08 1,60E-02{ DR |
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5295%%% sat 165  interlevkinis 12 29W% 60E-02; &!Bg
214768 x_a.t..a ............... HLA-C _ Major histocompatibility complex, class |.C 12,65 3,16E-02; UR |
1201109_s_at| THBS1 _thrombospondin 1 2 16 3,23E-02; DR |
202203 _s_at| AMFR _autocrine motility factorreceptor . ,,,,%,..,.QL.,B# 31E-02| - szﬂ,.,ﬁ;
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........ 239412 at | IRF5 mterferonregulawryfacmrﬁ3223391EULR
223565_at | MGC29506 hypothetical protein MGC29506 12,23 4. 13E02 UR

213258 at f .................. TFPI__tissue factor pathway inhibitor {lipopr otemassoc'atedcoagul 2,05 4 22E-02) DR
221 221286_s_at. MGC29506 hypothetical protein MGC23506 205 4,33E-02) UR |
244774_at | PHACTR2 Phosphatase and actinregulater2 __ -2,07 4.36E-02. DR
226733_at | PFKFB2  6-phosphofructo-2-kinaseffructose-2,6-biphosphatase 2 ~-2 21 4 61E-02; DR |
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Table 3: list of sets of probes which were differentially expressed and selected

according to outcome at DO (alive versus dead). DR means downregulated, and UR

upregulated. Classification considering p-value
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Table 4: hst of sets of probes which were dlfferentlally expressed and selected

- -according to -outcome at DO (alive versus dead). DR means downregulated, and UR

upregulated. Classification considering fold change (DF)

Correlations for validation of microarray with PCR

Linear correlation between the Ct (Ctgene — Ctyss) and logarithm base 2
of the fluorescence intensity (logint) was studied by the Spearman correlation test.
p<0.05 was considered as statistically sigmificant.

Building of a predictive model
Predictive models can be built by using any multivariate method

known by the skilled artisan. In the present case, Partial Least Squares Regression has
been used, but other methods, such as Support Vector Machines, can also be used to
that purpose. The principles of these methods are recalled below.

Multivariate methods: introduction

Denote by X =(X . ¢ p) a p-dimensional space of variables
representing the set of predictors and by y the response variable. Throughout this
section, and without loss of generality, a centered version of X and y are considered..

Linear model seeks to associate X to the response y with respect to the following

theoretical model:
y=XpB+¢
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Numerous methods aim at estimating the regression coefficients 3 ;

Partial Least Squares Regression (PLS-R) and the Support Vector Machines (SVM),
which are among the most efficient state-of-the-art approaches for classification

purposes (Rosipal et al., 2003; Tenenhaus et al., 2007), are further described below. It
B and ™ are the PLS-R and SVM estimator, respectively:

j}ms _ Xépm and }n,sm _ XBSVM
Partial Least Squares Regression
The main idea of PLS-R (Wold et al.; 1983; Tenenhaus-et al., 1998) 1s
to extract from X a set of mutually orthogonal components T = (t,...t. ), that have a
large covariance with y, linear combination of the original variables, which serve as new

regressors to predict the response variable y. It turns out that to get the following final
PLS-R model, it is necessary to adjust the number of PLS components. Finally, once 7

fixed, we have:
Yy (h)=P. y=XB"(h),
where P* is the projection operator and 4 the number of retained PLS

components. /4 is usually chosen by maximizing the prediction accuracy, estimated

thanks to a Cross-Validation technique.

Support Vector Machines

Support Vector Machines (SVM) (Boser et al, 1992; Vapnik, 199%)
seeks the optimal separating hyperplane (the so-called margin) that separates two
classes of observations (e.g., “dead patients” versus “surviving patients”). The margin is
defined as the distance between the hyperplane and its nearest points. It can be shown
that choosing the optimal separating hyperplane results in an improvement of the
trained classifier to predict new observations (Vapnik, 1998). To find B™ . one needs to

solve the following problem:
B (1) = arg mintmax(0.1 - y' XP)j+ A A
g

Once again, it turns out that to get the following final SVM model, 1t

is necessary to determine 4,
y™ (2)= X" (4)
This number is usually chosen by Cross-Validation.

Implementation
a) the R software (version 2.5.1) was used to classify the patients of

the present study. For PLS-R model the “pls” package was used and for SVM model,

the “e1071” package. The references of these packages are as tollows:
- Ron Wehrens and Bjern-Helge Mevik (2007). pls: Partial Least

Squares Regression (PLSR) and Principal Component Regression (PCR). R package
version 2.0-1 (http://mevik.net/work/software/pls.html).
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- Evgenia Dimitriadou, Kurt Hornik, Friedrich Leisch, David Meyer
and Andreas Weingessel (2006). e1071: Misc Functions of the Department of Statistics

(e1071), TU Wien. R package version 1.5-16..
b) A bootstrapped Hold Out technique was used to estimate the

prediction accuracy: |
- 2/3 of the total dataset was randomly chosen to be the training

set
| - The parameters 4 or A of the classifier were computed, for-each
training set based on a Leave One Out cross validation technique
- This was repeated 100 times to correctly estimate the average

of the prediction accuracy.
Genes of interest have been selected on the microarray differential

expression (see above) (fold change >2 and p value <0.1). The 24 genes related to 29
selected sets of probes (tables 3 and 4) correlating with outcome were grouped to build
a predictive model based on Partial Least Squares (PLS) regression, useful to deal with
correlated data situation encountered in the data set (as verified by the correlation
matrix). The relative contribution of each gene was weighted by a coefficient and put In
an equation allowing the estimation of the outcome for a new individual. A first
equation including the 29 sets of probes was built (equation 2). Additionally, the
inventors built an equation (equation 3) including the 8 selected genes (table 2), more
adapted to available methods of detection of gene expression 1n nowadays clinical

context. Of course, additional patient data can be included in the model and improve the

accuracy of coetficients.

Statistical strategy:
Based on the list of genes of interest given in Tables 3 and 4, different

steps were performed to determine a relevant threshold, usabie for classifying a new

given patient requiring prognostic evaluation at day 0 of septic shock plus 1 organ

failure.
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Correspondence with ID and SYMBOLS was made using the library
hgu133plu2 (v. 1.16.0) from BioConductor. Data were first centered and reduced and

are summarized in the table 5.

SYMBO_L_ mean l"“ ~ SD |

~ AREG _ 4,008 1,453
FOSB 6,091 | 2,230
" THBS1 9,765 1,523
TLR7 4,038 T 1,483
_RBP7 6,776 1,696
CTSL1 8,274 1,450
- _TFPL 5,088 1,475
| IL15 5,793 1,672
~ HLAC 6,802 2,137
"THBS1 _ 8,228 1,713
AMFR 15,123 1,519
~ LOC96610 6,058 1,803
IRF5 6,502 | 1,823
MGC29506 4,054 1,834
TFPI 5,129 1,666
MGC29506 6,750 1,699
PHACTR2 | 4,917 1,701
PFKFB2 | 8,839 1,887 |
GPR109B 4,748 2482 |
HLA-DRB4 5,764 4,036
~ CHIT1_ 6,905 2,310
THBS1 4763 1,820 E
LOC96610 6412 | 1,970
EDG3 5,084 2,021
IGLV1-44 7,981 l 1891 |
IFIT2 4,442 1,982
IFl44 6,916 1,988
EPSTIA 6,383 ] 2 414 l
TNFRSF17 4,853 2,530

Table 5: mean and SD from a representative cohort to calculate centered and reduced
5 data.

F . " A e ot

X,,X,,,X,, correspond to the centered and reduced (or standardized) variable of the

genes of interest. The score could be wntten as:

10 where ,@j is the estimation given by the PLS regression of y on X ;7= 1,2,...,29.

Results
Clinical and inflammatory status of 48 patients
Results are expressed as median (interquartile range IQR). Forty eight
patients of the training cohort were 66 (22 IQR) year old. At the inclusion time, they
15  had the following characteristics: 1) a SAPSII at 59 (15 IQR) and a SOFA score at 10 (4
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IQR) (Vincent et al., 1998)) 2) monocyte HLA-DR expression at 2765 (2909 IQR)

AB/C and plasma IL-10 at 175 (500 IQR) pg/ml (IL-12p40 not detectable) as
inflammatory parameters. Sixteen over 48 patients died within the 28-day study period.
Patients who will die differed at day 0 of inclusion from alive for SAPSII (71 (21 IQR)

vs 56 (16 IQR), p=0.0002) but did not differ for age, monocyte HLA-DR expression IL-
10 at day O andisepsis related organ failure scores (SOFA).

Microarray experiments |
For 2 patients, technical problems provided non interpretable data.

The non supervised transcriptome data of septic shock patients at day 0 did not allow
classifying the patients according to clinical items. When patient classification was
based on outcome, a set of 29 probes sets (24 gene transcripts) differed significantly
between survivors and non survivors (Tables 3 and 4). HLA-DRB4 presented the
highest FC (FC>5) in survivors, with a large difference ot fluorescence between the
group of patients expressing HLA-DRB4 (positive) and a group showing low intensities
(negative). At day 0, the positive HLA-DRB4 expression corresponded to surviving
patients, except for three (18% of patients with positive expression) (table 6). The
negative HLA-DRB4 expression group had a high risk of death, with only 54% of

patients who survived.

HLA-DRB4 expression encodes for HLA-DRB4 protein that belongs
to the HLA class II gene cluster, which has been described as an important

inflammatory marker in sepsis (Ddcke et al., 1997; Venet et al., 2007). In our
population, the over-expression of HLA-DRB4 transcript was associated with a good

outcome. The very large difference in expression between dead and alive patients

motivated to genotype this gene.
Interestingly, it was mostly the group of negative expression of HLA-

DR B4 which received APC treatment (8 over 12 treated patients), decided by the

physician in charge who ignored the result of genotyping.
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I | B I | gen_otyping- _
DRB4 | Microarray | Microarray |[RTqPCR| HLA- | HLA- l HLA-DR
status | logGCRMA) | (rawGCRMA) | (DCt) | DR Bl | DR Bl

Patients outcome

Lol | P
BEA 1003 - 867 407: nd 102 08 N alive
BEJ 1023 | - 2,53 6 nd 01 | 13 * | dead
CHJ3095 | - 2,29 5 nd o1 | 1001 | % dead
COP 1020 | - 2,74 7 nd 01 | 03 * alive
GIC3091 | - 2,18 5 nd 08 | 03 * dead
HAA 1016 | - | 2,20 5 nd 13 13 * alive
LAMI - 2,30 5 nd * * * alive
LEJ 4012 - 3,01 8 nd - * * | dead
LOJ 1030 | - 2,19 5 25.4 * * * dead
| MIM 1012 | - 2,89 7 * 03 11 * dead
| RIG4018 | - 2,23 5 nd 11 16 * dead | 4co/
SAA 3100 | - 2,72 7 “nd 11 14 * dead | dead
SAJ 4014 | - 2,45 5 nd 13 13 * | dead | 54%
STA 3096 | - 2,24 5 nd 13 14 * dead | alive
AKY : 2,40 5 nd 15 | 15 * alive |
AMST | - 2,25 5 nd | 0102 | 14 « | alive |
CHNO : 2,24 5 nd 03 | 15 * alive
FENE i 2,23 5 ~nd | 03 15 | alive |
FLOR . 2,52 6 nd * * * alive |
DEPA : 2,22 5 nd 11 13 * dead
CEP I - 2,13 4 "nd 11 13 * dead
DACO | - 2,10 4 nd 13 13 * alive
DUJ : 2,76 7 nd 11 15 * alive
FOE i 2,22 5 nd * * * alive
’ PIGS - 2,77 7 nd 01 16 * alive
| RICI . 2,20 5 nd 13 4 | ¢ alive
GAM 5066 3,16 9 20.3 07 08 |01030102N |alive = =
ABG4013 | + | " 991 1 050 17.1 04 1 0103 |alive|
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Table 6 summarizes HLA-DR data obtained with microarray technique, real-time PCR

(qPCR) or genotyping in relation with outcome.

Validation by real time PCR

Among 48 samples, only 3 results were false in comparison with
HLA-DRB4 real time PCR data (Table 6). For the remaining samples, real time PCR

data fitted well with those obtained with microarray for the best 3 genes tested with both

~ methods (r=0.083, p < 0.0003 for HLA-DRB4; r=0.60, p<0.002 for THBS1, r=0.68,

p<0.0001 for AREG). As found from microarray data, the HLA-DRB4 gene expression
measured by real time PCR strongly related with outcome (Spearman test; p< 0.0001).

HLA-DR genotyping
It is known that the presence of the gene HLA-DRB4 is associated

with specific alleles on the gene HLA-DRB1 (Bodmer et al., 1992; Nepom and Erlich,
1991). The alleles related to the presence of HLA-DRB4 are B1*04, B1*07 and B1*09,
a relation confirmed in the population herein studied. Interestingly, HLA-DRB4 was
always present when it was expressed with PCR, and was always absent when 1t was
not expressed in PCR. As a consequence, HLA-DRB4 gene presence or not strongly
related with patient outcome (p= 0.041). Very few discrepancies between microarray

and PCR were observed. When present, it can result from the presence in genotyping of

a non functional allelic composition, counted as non-expressed HLA-DRB4 with
microarray. This rare configuration suggests that it may be preferable to perform both
genotyping and functional genomic (or only functional genomic). Three HLA-DRB4
alleles were observed to be associated to HLA-DRBI alleles as follows: B4*0103 was
associated to 5 B1* 0401, 1 B1*0404, 1 B1*0402, 1 B1*07 and 1 B1*09 alleles,
B4*%0101 and B4*01030102N were associated to 5 B1*07 alleles. It was remarkable to
note that for one patient (GAM 5066), HLA-DRB4 gene expression was found both
with microarrays and PCR, although the genotyping revealed the null allele.

The expression and then the presence of HLA-DRB4 gene was
associated with a good outcome in this septic shock population. Table 6 summarizes the
results of HLA-DRB4 determination performed both with microarray and real time PCR
in relation with outcome in the studied population. Figure 3 shows the outcome
actuarial curve from day 0 to day 28 according to the B4 expression status. It shows a

dramatic difference in mortality between HLA-DRB4+ and HLA-DRB4- gene

expression at day O.
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Predictive model:

Tables 7 and 8 give an estimation of the f; obtained by PLS regression.

D SYMBOL | Estimated f§; | mean B |
205239 _at | AREG -0,0346 4,0083 1,4529 |
202768 at |FOSB 0,0303 6,0911 2,2296 |
201110 s at|THBS1 |  -0,0262 97647  1,5235]
220146 _at | TLR7 ~0,0249|  4,0384 1,4833 |
238066 at | RBP7 0,0236 6,7761 1,6959 |
1202087 s _at|CTSL? -0,0245 8,2737 1,4496 |
210664 s_at | TFPI -0,0238 5,0884 1,4749 |
205992 s _at|IL15 0,0213 5,7926 1,6720
1 214768_x_at | HLA-C 0,0230 6,8021 2,1369
201109 _s_at | THBS1 ~ -0,0194 8,2284 | 1,7132
202203 _s_at | AMFR 0,0174 5,1227 1,5190 |
224342 x_at|LOC96610 0,0214 6,0576 1,8032
239412 at |IRF5 ~0,0210 6,5024 1,8234 |
223565 at | MGC29506 ~0,0203 4,0536 1,8344 |
213258 _at | TFPI -0,0199 5,1292 1,6659 |
221286 s_at|MGC29506|  0,0191 6,7500 1,6989

244774 at | PHACTR2 -0,0186 49173 1,7007 |

226733_at | PFKFB2 -0,0186 8,8393 1,8872 |
205220 at | GPR109B 10,0195 | 4,7479 2,4817 |
1209728 at |[HLA-DRB4 |  0,0192 5,7642 4,0364
208168 s_at | CHIT1 ~-0,0184 56,9050 | 2,3099
1215775_at | THBS1 -0,0181 4,7631 1,8197 |
1217179 _x_at | LOC96610 0,0178 6,4118 1,9703
228176 _at |EDG3 0,0192 5,0845 2,0211
1234764_x_at | IGLV1-44 ~ 0,0165 7,9806 1,8912
217502_at | IFIT2 0,0176 4,4420 | 1,9821
(214453 s_at|IF144 ~0,0181 6,9163 1,9879
1227609_at | EPSTIA il, 0,0173 6,3832 2,4141
206641 _at | TNFRSF17 0,0162 4,8530 2,5299

Table 7 : estimation of the 3 obtained by PLS regression For 29 selected sets ot probes

[ 1D | SYMBOL | Estimated B mean SD
1209728 at |HLA-DRB4 | 0,0581| 5,7642| 4,0364 |
202768 at |FOSB | 0,0916 6,0911 2,2296
1205239 _at | AREG ~-0,1044 4,0083 1,4529 |
1205220 at | GPR109B - 0,0589|  4,7479 24817
> 1 238066_at |RBP7 ~0,0712 6,7761 | 1,6959
201110_s_at | THBS1 ~ -0,0790 90,7647 1,56235 |
[2201__@_ at |TLR7 _ ~0,0751 4,0384 | 1,4833
202087 s_at| CTSL1 -0,0739 8,2737 | 1,4496

S Table 8 : estimation of the ; obtained by PLS regression For 8 selected sets of probes
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As an example for the model including the 8 selected probe sets, the

score y for a new patient is obtained as follows:

Score :j}:
0.0581x| FILADRB4 ~5.7642 00916 x| FOSB - 60911)
4.0364 7 7206

0 1044 x| AREG ~4.0083) o (509, [ GPRI0IB - 47479)
1.4529 94817

00712 x| RBET=6.7761) ) 1700 THBSI—-9.7647)+
1.6959 1.5235

00751 TER7—4.0384) 1 (o9, CTLSI—8.2737]
1.4833 1.4496

From the gene expression profile of a new patient, this equation can
be applied to predict his/her outcome. The equation will refine along time by increasing

the size of the learning set of patients to compute the model.
The ROC (Receiving Operator Characteristics) curves generated by

cross validation provide indications for sensitivity and specificity. These curves are

shown in figure 4.
The thresholds are those providing the best precision or sensibility.

For the equation considering 29 sets of probes, two examples of

contingency tables are presented below:

PREDICTED
1 .. 1 _ - Dead | Alive
OBSERVED | Dead ] 11 S
Alive 3 29

Table 9: contlngency table for the best p premsxon (83%), and a sen31b111ty of 69% with
threshold=-0.24 (specificity = 90% )

~ PREDICTED
) ~ Dead Alive
OBSERVED 1and ] 13 | 3
| Alive ] 9 | 23

Table 10: c'bnting-ency table for the best couple precision sensibility (resp. 75 and 81%)
with threshold=0.04 (specificity = 72%)
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For the model with 8 sets of probes, the best couple precision
sensibility (resp. 75 and 88%) with threshold=0.03 gives the following table 11

(specificity = 72 %).

- PREDICTED
- _ - | Dead | Alive
OBSERVED | Dead - 14 2
Alive | 10 - 22

In practice, a new patient will be classified in term of prognosis as

follows: for a score y > 0.03 (8 sets of probes footprint), the patient will have a high

probability to survive and will not require costly specific treatment(s).

Discussion
Until now, no biomarkers have been proven relevant to well predict

outcome in septic shock patients, who have a severe prognosis (40-50% mortality rate).
Such marker(s) would be crucial for the initial triage to adapt the supportive care and
resources and to decide if high tech and expensive drugs have to be given or
investigated. Except for scoring systems such as SAPS II or SOFA score determination,
no relations were found with outcome. The interest to use these scores is hampered by

the necessity to wait 24 hours for quoting, a delay that might be long to make decisions.

The medical community is convinced that the therapeutic window
between the septic shock onset and the non-reversibility of tissue lesions 1s short. It has
been shown that aggressive resuscitation early performed in septic shock patients
reduced mortality about 40% (Rivers et al., 2001), whereas the same strategy applied
after 24 hrs did not change the prognosis. As a consequence, effectiveness of high tech
drugs in septic shock such as Activated Protein C (APC) is time dependent. A rapid
determination of patients with high risk of mortality is then warranted. Moreover, the
future development of new drugs and the performance of clinical trials would be helped
if only the patients with a poor prognosis are included.

Until now, the gene by géne or protein by protein approach had failed
to provide a picture of septic shock with therapeutic consequences. This failure results
from multifactorial causes such as the extreme complexity of the cellular modifications,
the system interactions and redundancy, the impact of micro-organisms and the
comorbidity. Because of that, it seems suitable to use a multiplexic approach as it 1s
possible with micro-array technique.

The suitable tissue(s) for such approach could concern all the failing
organs and blood cells. Tissue samples have limitations since it is ethically difficult to
perform biopsies in patients in severe conditions especially for coagulation. In addition,

organ failures occur after a certain delay that might be too long to make decisions.
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Blood cell study sounds then reasonable, since circulating 1mmune cells are activated
and are signalling the response of remote tissue cells. Although the number of cells 1s
small compared to tissue samples, it can be drawn easily and the quantity .of RNA
material for micro-array becomes smaller than before. This approach has been used for
several microarray studies in healthy volunteers (Calvano et al., 2005).

The septic shock population studied had a high risk of mortality (34%)
as shown by the expected mortality related to the SAPS 11

The expression of gene- HLA-DRB4 appeared to be strongly
associated with a good outcome in septic shock. This molecule belongs to the MHC
class II system implicated in the presentation of antigen by antigen presenting cells
(monocyte, macrophage, B lymphocyte or dendritic cells) to T lymphocyte during the
early immune response. HLA-DRB4 gene is located on a highly polymorphic locus
(6p21) associated to numerous auto-immune disorders such as multiple sclerosis and
rheumatoid arthritis (Holoshitz et al., 1992). It is well established that polymorphisms
for this locus include presence or absence of the DRB4. Thus, 50% of the caucasian
population do not have any copy of DRB4 gene in their genomes. Such a characteristic
could explain the massive difference observed in expression level between groups.
HLA-DRB genes are all located in the same cluster and are functionally redundant.
Only 4 different genes encode functional proteins (DRB1, DRB3, DRB4 and DRB5). In
addition, 3 pseudogenes are known. If DRBI 1s found constitutive in human, the other
genes are only present in some specific haplogroups. This important observation led the
inventors to proceed to an extensive genotyping of this locus (Table 6). Gathering data
from microarray, genotyping and gPCR, they were able to separate patients expressing a
functional HLA-DRB4 protein from those who did not. This analysis shows that
patients bearing/expressing DRB4 gene had a largely better chance to survive septic
shock. As we can see in figure 4, 82% of septic patients expressing HLA-DRB4 are still
alive 4 weeks after the inclusion compared to less than 54% in DRB4 negative patients.
It is however difficult to make a mechanistic link between the HLA-DRB4 protein and
survival in sepsis, since until now little attention has been brought to this molecule. One
hypothesis would be related to the incapacity to present superantigen that may limit the
inflammatory response (Herman et al., 1990).

Since the invention will have to be used to classify new patient, 1t
appeared crucial to propose a method for this purpose. The proposed model based on
the fluorescence of 29 (or 8) probe sets of interest measured by the microarray
technique allowed bulding a classification model which will lead to determine a
threshold value of -0.24 (or 0.03 for 8 probe sets) suitable to classify new patients. In
medical diagnosis applications, precision is not the main issue; sensitivity and
specificity are far more relevant because of different misclassitication costs. Diagnostic

and therapeutic decision correspond to a modulation of a sensitivity level, this decision
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is very important for the outcome prediction because of the unbalanced classification
cost: sensibility is far more important than specificity since disregarding a high death
risk patient is a severe error. The proposed models show a high sensitivity in detriment
to the specificity, which means a good estimation of death risk: we can afford a low
specificity because the potential false diagnosis will not have detrimental consequences,

as the proposed treatment does not have any severe adverse consequences. The

proposed models appear to fit well with these goals.

Finally, the models will -be refined along time since the number of
additional patients will help to better define coefficient of the models.

In conclusion, application of a pangenomic microarray technique to
white blood cells after elimination of mature PMNs in septic shock patients provided a
prognostic footprint. At day 0 of septic shock, 24 genes (detected by 29 sets of probes)
were demonstrated to predict outcome within the next 4 weeks. Among these, HLA-
DRB4 is a strong determinant, with an expression which is associated with a good
prognosis. The large difference in expression between survivals and non survivals has
genotyping correspondence: expression is always related to the constitutive presence of
the gene, whereas the under-expression or absence of expression always corresponded

to the constitutive absence of this gene. The expression level of the 28 other selected

genes is important to determine, especially for negative expression of HLA-DRB4.
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CLAIMS
1. Use of at least one gene selected in the group consisting of HLA-

DRB4, FOSB, GPR109B, RBP7, TLR7, IL15, HLA-C, AMFR, LOC96610, IRFS,
MGC29506, EDG3, IGLV1-44, IFIT2, IF144, EPSTI1, TNFRSFK17, AREG, THBSI,

CTLS1, TFPI, PHACTR2, PFKFB2 and CHIT1, as a prognosis marker for a patient In

- severe sepsis with at least two organ failures.

2. The use of claim 1, wherein said at least one gene is selected in the
eroup consisting of HLA-DRB4, AREG, FOSB, GPR109B, RBP7, TLR7, THBS1 and

CTLSI.
3. The use of claim 1 or claim 2, wherein said at least one gene 1s

selected in the group consisting of HLA-DRB4, AREG and FOSB.
4. A method for in vitro establishing a prognosis for a subject in
severe sepsis with at least two organ failures, comprising the following steps: |
(i) from a sample from said subject, obtaining an expression profile of
a set of genes comprising at least two genes selected in the group consisting of HLA-
DRB4. FOSB, GPR109B, RBP7, TLR7, IL15, HLA-C, AMFR, LOC96610, IRFS,
MGC29506, EDG3, IGLV1-44, IFIT2, IF144, EPSTI1, TNFRSF17, AREG, THBSI,

CTLS1, TFPI, PHACTR2, PFKFB2 and CHIT1; and
(ii) comparing said obtained expression profile to one or two reterence

expression profiles to establish a prognosis for said subject.
5. The method according to claim 4, comprising the following steps:
(i) the expression levels of n (n > 2) genes are measured In a
biological sample from said patient, wherein at least two of these genes are selected 1n
the group consisting of HLA-DRB4, FOSB, GPR109B, RBP7, TLR7, IL15, HLA-C,
AMFR, LOC96610, IRFS, MGC29506, EDG3, IGLV1-44, IFIT2, IFI44, EPSTII,
TNFRSF17, AREG, THBS1, CTLS1, TFPI, PHACTR2, PFKFB2 and CHIT1;

(ii) a score is calculated as follows:
Score=j>=Zﬂjz?j (1)
Jj=1
wherein X, (j = 1 to n) are the expression levels of said genes

measured in said biological sample, and B ; G =1 to n) are calculated regression

coefticients;

(iii) the score obtained in step (ii) is interpreted by comparing 1t to a
predetermined threshold.

6. The method according to claim 4 or claim 5, wherein at least one of

the genes selected in step (i) is selected in the group consisting of HLA-DRB4, AREG
and FOSB.
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7. The method according' to any of claims 4 to 6, wherein the set of
genes selected in step (i) comprises HLA-DRB4, AREG and FOSB.

8. The method according to any of claims 4 to 6, wherein the set of
genes selected in step (i) comprises HLA-DRB4, AREG, FOSB, GPR109B, RBP7,
TLR7, THBSI and CTLSI. '

9. The method according to any of claims 4 to 8, wherein the set of
genes selected in step (i) comprises HLA-DRB4, FOSB, GPR109B, RBP7, TLR7, IL15,
HLA-C, AMFR, LOC96610, IRF5, MGC29506, EDG3, IGLV1-44, IFIT2, IFI44,
EPSTI1, TNFRSF17, AREG, THBS1, CTLS1, TFPI, PHACTR2, PFKFB2 and CHIT1.

10. The use of any of claims 1 to 3, or the method according to any of

claims 4 to 9, for establishing a prognosis for a patient in septic shock with at least one

additional organ failure.
11. The method according to any of claims 4 to 10, wherein said

biological sample is (i) a whole blood sample or (ii) a blood fraction comprising or
consisting ofperipheral blood mononuclear cells, or (ii1) a blood fraction comprising or

consisting of white blood cells after removal of mature granulocytes.
12. A method for determining if a subject in severe sepsis with at least

two organ failures can benefit from the administration of a medicinal product,
comprising a step of in vitro determining if said patient expresses HLA-DRB4.

13. The method according to claim 12, wherein the absence of HLA-
DRB4 expression indicates that administration of Activated Protein C to said patient 1S
appropriate.

14. The method of claim 12 or claim 13, wherein in the absence of
HLA-DRB4 expression, up-regulation of one or several genes selected amongst FOSB,
GPR109B, RBP7, TLR7, IL15, HLA-C, AMFR, LOC96610, IRF5, MGC29506, EDGS3,
IGLV1-44, IFIT2, IF144, EPSTI1 and TNFRSF17, and/or down-regulation of one or
several genes selected amongst AREG, THBS1, CTLS1, TFPI, PHACTRZ, PFKFB?2
and CHIT1 indicate(s) that said patient will be a good responder to Activated Protein C.

15. A method for in vitro evaluating the efficiency of a pharmaceutical
treatment administered to a subject in severe sepsis with at least two organ failures,
comprising the following steps: '

' (i) from a sample from said subject obtained before the beginning of
said pharmaceutical treatment, determining an expression profile of a set of genes
comprising at least two genes selected in the group consisting of HLA-DRB4, FOSB,
GPR109B, RBP7, TLR7, IL15, HLA-C, AMFR, LOC96610, IRF5, MGC29506, EDG3,
IGLV1-44, TFIT2, IFI44, EPSTI1, TNFRSF17, AREG, THBSI, CTLS1, TFPI,

PHACTR2, PFKFB2 and CHITI;
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(ii) from at least another sample from said subject, obtained after the
beginning of said pharmaceutical treatment, determining an expression profile of the

same set of genes as 1n (1) ;
(iii) comparing said obtained expression profiles.

16. The method according to claim 15, wherein up-regulation of one
or several genes selected amongst FOSB, GPR109B, RBP7, TLR7, IL15, HLA-C,
AMFR, LOC96610, IRF5, MGC29506, EDG3, IGLV1-44, IFIT2, IF144, EPSTI] and
TNFRSF17, and/or down-regulation of one or several genes selected amongst AREG,
THBS1, CTLS1, TFPI, PHACTR2, PFKFB2 and CHIT1 following the beginning of the
pharmaceutical treatment indicate(s) that said treatment has been beneficial to the

patient.
17. A method for selecting subjects to be enrolled in a clinical trial for

evaluating a medicinal product in the treatment of severe sepsis with at least two organ

failures, comprising a step of in vitro establishing a prognosis for said subjects, by a

method according to any of claims 4 to 11.
18. The method of claim 17, wherein the subjects enrolled in the

clinical trial are those who have a poor prognosis.
19. A kit for performing the method according to any of claims 4 to

18, comprising one or several pairs of primers, wherein each pair of primers 1s specific

for a gene selected amongst HLA-DRB4, AREG and FOSB.
20. The kit of claim 20, further comprising one or several additional

pairs of primers, wherein each pair of primers is specific for one sequence selected 1in
the group consisting of 18S rRNA, GPR109B, RBP7, TLR7, IL15, HLA-C, AMFR,
L.OC96610, IRF5, MGC29506, EDG3, IGLV1-44, IFIT2, IF144, EPSTI1, TNFRSF17,
THBS1, CTLS1, TFPI, PHACTR2, PFKFB2 and CHIT1 genes.

21. The kit of claim 19 or claim 20, which further comprises reagents
and/or enzymes for performing amplification reactions.

22. A kit for performing the method according to any of claims 4 to
18, comprising a chip enabling hybridization of nucleic acids specific for at least two
genes selected in the group consisting of HLA-DRB4, AREG, FOSB, GPR109B, RBP7,
TLR7, IL15, HLA-C, AMFR, LOC96610, IRF5, MGC29506, EDG3, IGLV1-44, IFIT2,
IFI44, EPSTI1, TNFRSF17, THBS1, CTLS1, TFPI, PHACTR2, PFKFB2 and CHIT1.

23. The kit of any of claims 19 to 22, which further comprises

reagents for PBMC 1solation.
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