wo 2013/170367 A1 | I 0N OO OO 0O R A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/170367 Al

21 November 2013 (21.11.2013) WIPO I PCT

(51) International Patent Classification: (72) Inventors: WALLEY, Keith, R.; 4172 Coventry Way,
A61K 39/395 (2006.01) A61K 38/17 (2006.01) North Vancouver, British Columbia V7N 4M9 (CA).
AG61K 31/4745 (2006.01)  A61P 29/00 (2006.01) BOYD, John, H; 2377 West 8th Avenue, Vancouver, Brit-
A61K 31/7088 (2006.01) ish Columbia V6K 2A8 (CA). RUSSELL, James, A.;

(21) International Application Number: 3661\%[ ;’I&’{%szc?:;h Avenue, Vancouver, British Columbia

PCT/CA2013/000488 ’
(79 Agea MACINS A 0 Caton B o
17 May 2013 (17.05.2013) CA) ’ ’

(25) Filing Language: English (81) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
L. AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(30) Priority Data: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(71) Applicant: THE UNIVERSITY OF BRITISH HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

COLUMBIA [CA/CA]; University - Industry Liaison Of-
fice, 103-6190 Agronomy Road, Vancouver, British
Columbia V6T 173 (CA).

KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,

[Continued on next page]

(54) Title: METHODS AND USES FOR PROPROTEIN CONVERT ASE SUBTILISIN KEXIN 9 (PCSK9) INHIBITORS

A (57) Abstract: There is provided a method of treating an inflammatory re-

100 - -~ Any LOF allele
we No LOF allele
2
s
3
"
z
]
1
o]
o
504
10.
nT
1) L L L \J
[ 7 14 21 28
Number at Risk Days Alive
Any LOF allele 306 262 239 229 218
No LOF aliele 326 255 226 210 198
B
1004 e Aty GOF allele
904 —— No GOF allele
3
z
3
w0
€
@
54
&
o
50
10,
c L 1 1 1 Al
0 7 14 21 28
Days Alive
Number at Risk
No GOF allele 293 251 229 219 210
Any GOF allele 57 44 38 36 33

sponse to infection and complications associated therewith, by administering
a proprotein convertase subtilisin kexin 9 (PCSK9) inhibitor to a subject, in
need thereof. There is also provided a method of treating or preventing treat-
ing or preventing renal failure; renal dysfunction; respiratory failure; respir-
atory dysfunction; or acute lung injury. Provided herein are uses, pharma-
ceutical compositions, and commercial packages associated therewith.
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METHODS AND USES FOR PROPROTEIN CONVERTASE SUBTILISIN KEXIN 9
(PCSK9) INHIBITORS

RELATED APPLICATIONS
This application claims priority to United States provisional patent application 61/648,319 filed
17 May 2012.

TECHNICAL FIELD

This invention relates to the field of proprotein convertase subtilisin kexin 9 (PCSK9) inhibitors,
for use in the amelioration or treatment of an inflammatory response to infection and to treat
complications associated therewith. In particular, the invention relates to the treatment of an

inflammatory response to infection and complications associated therewith.

BACKGROUND

Proprotein convertase subtilisin kexin 9 (PCSK9) is a member of the proprotein convertase
family of pro-teases that is thought to be involved in the regulation of lipid metabolism. Loss-of-
function (LOF) mutations in PCSK9 are associated with reductions in low-density lipoprotein
cholesterol (LDL-C). Similarly, gain-of-function (GOF) mutations in PCSK9 are associated
with increases in low-density lipoprotein cholesterol (LDL-C). Elevated plasma LDL-C is a risk
factor for the development of atherosclerosis and associated ischemic cardiovascular disease
(CVD), such as myocardial infarction and stroke. Plasma LDL-C is bound by the LDL receptor
(LDLR) and once bound the LDL-C/LDLR complex undergoes endocytosis. The LDL-C
undergoes lysosomal degradation, while the LDLR is then recycled back to the plasma
membrane where it can bind more LDL. The binding of LDL-C by LDLR, the subsequent LDL-
C degradation and recycling of the receptor to the plasma membrane is somewhat continuous.
However, PCSK9 promotes the degradation of the LDLR and thereby prevents the receptor from
recycling to the membrane®. As a result, PCSK9 is a target for LDL-C lowering therapies.

Statins reduce cholesterol by inhibiting the enzyme HMG-CoA reductase. HMG-CoA reductase
is important in the production of cholesterol in the liver. Statin treatment has been reported to

reduce the incidence of pneumonia’ and reduce mortality from in-hospital pneumonia®. HDL has
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also been reported to be protective in sepsis’. However, the evidence for the protective effect of
HDL is not conclusive®. For example, continuation of pre-hospitalization statin therapy did not
improve outcomes in patients hospitalized with sepsis’ and actively increasing plasma HDL
using cholesteryl ester transfer protein (CETP) inhibitors such as torcetrapib appeared to result in
excess sepsis deaths®. There have been no pivotal randomized controlled trials to date of statins
in sepsis. Thus, there appears to be a clinically important interaction between lipid metabolism
and inflammatory pathways, although apparently contradictory observations indicate that our

understanding is very incomplete.

The mechanisms involved in the interaction between lipid metabolism and the septic
inflammatory response are similarly unclear. Triglyceride-rich lipoproteins contribute by
binding to lipopolysaccharide (LPS) and lipoteichoic acid (LTA) fragments of Gram-positive
and Gram-negative pathogens, respectively, which are then internalized via the LDL receptor
and cleared by the liver, thereby potentially reducing activation of macrophages’ . A number
of macrophage-expressed receptors that modulate the inflammatory response, including PPAR
and LXR, are activated by cholesterol'!. HDL is reported to augment human monocyte
responses to LPS by suppressing the inhibitory activity of high concentrations of LPS binding
protein (LBP), where apolipoprotein A-II appears to be the active component'?. Statins have
multiple effects which may cause immune modulation including reduction of C-reactive protein
levels', reduction in NF-xB activation', and improving endothelial e-NOS responses thus
reducing leukocyte adhesion within the microcirculation'® and leukocyte recruitment to the
infected site'®. Statins also inhibit protein isoprenylation, including farnesylation, which

abrogates pro-apoptotic effects of sepsis on splenic lymphocytes'’.

LDL receptor knock-out mice are reported to be protected against lethal endotoxemia and severe
gram-negative infections'®. However, potentially contradictory observations have been made,
whereby LDL receptor-deficient mice have been reported to be more susceptible to sepsis
induced by cecal ligation and puncture (CLP) than corresponding genetic background mice'. In
LDL receptor knock-out mice a number of inflammatory mediators were altered. Prior to CLP,
LDL receptor knock-out mice had an elevation in serum amyloid A protein, lipopolysaccharide

binding protein (LBP), and soluble CD14 (sCD14). Following CLP IL-1f increased more in
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LDL receptor knock-out mice than controls. In experimental models of murine sepsis statin

treatment®’ and treatment with an apolipoprotein A-1 mimetic protein®' appear to be beneficial.

In summary, lipid metabolism pathways have been shown to interact with the inflammatory
response, potentially with important clinical consequences. However, the exact mechanisms and

whether this effect impacts patient outcome are uncertain.

Proprotein Convertase Subtilisin Kexin 9 (PCSK9) inhibitors have been primarily suggested for
the treatment of hypercholesterolemia and associated atherosclerosis. However, PCSK9

inhibitors/silencers have also been suggested for use in cancer metastasis treatments.

SUMMARY

The present application is based in part on the discovery that a reduction of activity of proprotein
convertase subtilisin kexin 9 (PCSK9) reduces the inflammatory response and improves
physiologic outcome in mice and in human subjects having an inflammatory response to
infection. In particular, the patients tested had one or more of the following inflammatory
responses to infection: sepsis, septicemia, pneumonia, septic shock, systemic inflammatory
response syndrome (SIRS), Acute Respiratory Distress Syndrome (ARDS), acute lung injury,
infection, pancreatitis, bacteremia, peritonitis, abdominal abscess, bowel infection, opportunistic
infections, HIV/AIDS, endocarditis, bronchiectasis, chronic bronchitis, meningitis, septic
arthritis, urinary tract infection, pyelonephritis, necrotizing fasciitis, Group A streptococcus
infection, enterococcus infection, Gram positive sepsis, Gram negative sepsis, culture negative
sepsis, fungal sepsis, meningococcemia, epiglotittis, E. coli 0157:H7 infection, gas gangrene,
toxic shock syndrome, mycobacterial tuberculosis, Pneumocystic carinii infection, pelvic
inflammatory disease, Legionella infection, Influenza A infection, Epstein-Barr virus infection,
or encephalitis. Furthermore, it was also found that inhibition of PCSK9 resulted in reduced
renal failure, renal dysfunction, respiratory failure, respiratory dysfunction, or acute lung injury
in human subjects. In particular, inhibition of PCSK9 may result in reduced renal failure, renal
dysfunction, respiratory failure, respiratory dysfunction, or acute lung injury in human subjects

who have sepsis and septic shock.
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In accordance with a first aspect of the invention, there is provided a method of treating an
inflammatory response to infection, the method including: administering a proprotein convertase

subtilisin kexin 9 (PCSK9) inhibitor to a subject in need thereof.

In accordance with another aspect of the invention, there is provided a pharmaceutical
composition for treating an inflammatory response to infection, including a PCSK9 inhibitor and

a pharmaceutically acceptable carrier.

In accordance with another aspect of the invention, there is provided a PCSK9 inhibitor for

treating an inflammatory response to infection.

In accordance with another aspect of the invention, there is provided a use of a PCSK9 inhibitor

for treating an inflammatory response to infection.

In accordance with another aspect of the invention, there is provided a use of a pharmaceutical
composition comprising a PCSK9 inhibitor and a pharmaceutically acceptable carrier for treating

an inflammatory response to infection.

In accordance with another aspect of the invention, there is provided a use of a PCSK9 inhibitor

in the manufacture of a medicament for treating an inflammatory response to infection.

In accordance with another aspect of the invention, there is provided a commercial package
including (a) a PCSK?9 inhibitor; and (b) instructions for the use thereof for treating and an

inflammatory response to infection.

In accordance with another aspect of the invention, there is provided a commercial package
including (a) a pharmaceutical composition comprising a PCSK9 inhibitor and a
pharmaceutically acceptable carrier; and (b) instructions for the use thereof for treating an

inflammatory response to infection.
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The PCSK9 inhibitor may be an antibody or antigen-binding fragment thereof. The PCSK9
inhibitor may be a monoclonal antibody or antigen-binding fragment thereof. The PCSK9
inhibitor may be: AMG145; 1D05-1gG2; SAR236553/REGN727 (Alirocumab); RN-316;
LGT209; or RG7652. The PCSK9 inhibitor may be a peptide mimetic. The PCSK9 inhibitor
may be an EGFA domain mimic, EGF-A peptide, a fibronectin based scaffold domain proteins,
or a neutralizing PCSK9 variant. The PCSK?9 inhibitor may be an antisense oligonucleotide.

The PCSK9 inhibitor may be BMS-PCSK9Rx. The PCSK9 inhibitor may be an RNAI molecule.
The PCSK?9 inhibitor may be LNA ASO or ALN-PCS. The PCSK9 inhibitor may be any
PCSK9 inhibitor known to a person of skill in the art.

The subject may be a human. The inflammatory response to infection, may be one or more of:
sepsis, septicemia, pneumonia, septic shock, systemic inflammatory response syndrome (SIRS),
Acute Respiratory Distress Syndrome (ARDS), acute lung injury, infection, pancreatitis,
bacteremia, peritonitis, abdominal abscess, bowel infection, opportunistic infections, HIV/AIDS,
endocarditis, bronchiectasis, chronic bronchitis, meningitis, septic arthritis, urinary tract
infection, pyelonephritis, necrotizing fasciitis, Group A streptococcus infection, enterococcus
infection, Gram positive sepsis, Gram negative sepsis, culture negative sepsis, fungal sepsis,
meningococcemia, epiglotittis, E. coli 0157:H7 infection, gas gangrene, toxic shock syndrome,
mycobacterial tuberculosis, Pneumocystic carinii infection, pelvic inflammatory disease,
Legionella infection, Influenza A infection, Epstein-Barr virus infection, or encephalitis. The

subject may have septic shock. The subject may have sepsis.

In accordance with another aspect of the invention, there is provided a method of treating or
preventing renal failure, renal dysfunction, respiratory failure, respiratory dysfunction, or acute
lung injury, the method including: administering a proprotein convertase subtilisin kexin 9

(PCSKY9) inhibitor to a subject in need thereof.

The subject may have an inflammatory response to infection. The PCSK9 inhibitor may be
selected from one or more of the following: an antibody or antigen-binding fragment thereof; a
peptide mimetic; an antisense oligonucleotide; an RNAi molecule. The PCSK9 inhibitor may be

a monoclonal antibody or antigen-binding fragment thereof. The PCSK9 inhibitor may be:
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AMG145; 1D05-IgG2; SAR236553/REGN727 (Alirocumab); RN-316; LGT209; or RG7652.
The PCSK9 inhibitor may be an EGFA domain mimic, EGF-A peptide, a fibronectin based
scaffold domain proteins, or a neutralizing PCSK9 variant. The PCSK9 inhibitor may be BMS-
PCSK9Rx. The PCSK9 inhibitor may be LNA ASO or ALN-PCS. The subject may be a
human. The inflammatory response to infection, may be one or more of: sepsis, septicemia,
pneumonia, septic shock, systemic inflammatory response syndrome (SIRS), Acute Respiratory
Distress Syndrome (ARDS), acute lung injury, infection, pancreatitis, bacteremia, peritonitis,
abdominal abscess, bowel infection, opportunistic infections, HIV/AIDS, endocarditis,
bronchiectasis, chronic bronchitis, meningitis, septic arthritis, urinary tract infection,
pyelonephritis, necrotizing fasciitis, Group A streptococcus infection, enterococcus infection,
Gram positive sepsis, Gram negative sepsis, culture negative sepsis, fungal sepsis,
meningococcemia, epiglotittis, E. coli 0157:H7 infection, gas gangrene, toxic shock syndrome,
mycobacterial tuberculosis, Pneumocystic carinii infection, pelvic inflammatory disease,

Legionella infection, Influenza A infection, Epstein-Barr virus infection, or encephalitis.

Furthermore, a person of skill in the art would appreciate that a subject may also be evaluated to
determine whether they have one or more PCSK9 GOF or LOF alleles, as described herein, that
may influence the urgency with which a subject is administered a PCSK9 inhibitor. For
example, a subject having one or more GOF PCSK9 allele(s) may be considered for earlier and
more aggressive management than a subject having a PCSK9 LOF allele. For example, a subject
having an rs644000 G allele (LOF) would be less at risk of an unfavourable outcome as
compared to a subject having an rs644000 A allele (GOF). Accordingly, a subject having an
15644000 A allele (GOF) or any other PCSK9 GOF allele may be treated with a PCSK9 inhibitor
sooner than a subject having an rs644000 G allele (LOF) or any other PCSK9 LOF allele.
Nevertheless, the results provided herein demonstrate that both subjects having a GOF and a
LOF PCSKO allele could benefit from PCSKS9 inhibition if the subject has an inflammatory

response to infection.
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BRIEF DESCRIPTION OF THE DRAWINGS
In drawings which illustrate embodiments of the invention:

FIGURE 1 shows a comparison of the (A) activity index, (B) body temperature ("C), (C)
mean arterial pressure (mmHg), and ejection fraction (%) phenotypes between background strain
mice (C57BL/6 — wild-type) and PCSK9 knock-out mice (PCSK9-/-), following LPS
administration;

FIGURE 2 shows survival curves for SPH and VASST patients by rs644000 genotype;

FIGURE 3 shows a table of haplotypes as resolved in VASST using PHASE®® and
haplotypes with MAP>0.5% are displayed, were the minor allele is shaded for each SNP, where
out of the 1324 total observed haplotypes, a LOF allele was observed 442 times within 309
haplotypes and 83.5% of these LOF alleles were contained within haplotypes that also contained
the rs644000 minor allele (Haplotypes 6-9) and only 15.5% of the LOF alleles were contained
within rs644000 major allele haplotypes (Haplotypes 3 and 4), which shows that the minor allele
is a marker of the most common PCSK9 LOF genetic variants (haplotypes 8 and 9 contain 2
LOF alleles, in contrast to the PCSK9 GOF variant was observed within a haplotype that
contained the rs644000 major allele (Haplotype 2));

FIGURE 4A shows a LOF KM survival curves for VASST patients, wherein having at
least one PCSK9 LOF allele had decreased mortality over 28 days (LOFall = 1, top line, n total =
306 with 89 deaths, 29.1% 28-day mortality) compared to patients without a LOF allele (bottom
line, n total = 326 with 129 deaths, 39.6% 28-day mortality) (p=0.0037 by log-rank test);

FIGURE 4B shows a GOF KM survival curves in VASST patients, wherein having at
least one PCSK9 GOF allele (GOFall = 1, bottom line, n total = 57 with 25 deaths, 43.9%
mortality at 28 days) had increased mortality over 28 days compared to patients having at least
one PCSK9 LOF allele but no GOF alleles (top line, n total = 293 with 83 deaths, 28.3%
mortality at 28 days) (p=0.011 by log-rank test); and

FIGURE 5 shows LOF KM survival curves in VASST patients who were heterozygous
for rs644000 to address the issue of whether the minor allele of rs644000 (or another SNP in
high linkage disequilibrium) was the likely function SNP leading directly to improved outcome
or, alternatively, whether rs644000 simply marked a preponderance of LOF alleles, the effect of
LOF alleles within rs644000 heterozygotes (n=478) was tested, and the rs644000 heterozygous
patients in VASST having at least one PCSK9 LOF allele (LOF = 1, top line, n total = 253 with
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73 deaths, 71.1% survival at 28 days) had decreased mortality over 28 days compared to patients
without a LOF allele (bottom line, n total = 225 with 85 deaths, 62.2% survival at 28 days)
(p=0.029 by log-rank test).

DETAILED DESCRIPTION
Various alternative embodiments and examples are described herein. These embodiments and

examples are illustrative and should not be construed as limiting the scope of the invention.

In view of the interaction of lipid metabolism and inflammatory pathways, the present
application examined whether PCSK9 alters the systemic inflammatory response to LPS
injection in mice. It was found that PCSK9 knock-out mice had a diminished inflammatory
response to LPS and were protected against adverse aspects of the physiologic phenotype of a
severe inflammatory response, compared to background control mice. To determine whether this
observation could have clinically significant consequences the inventors examined genetic
polymorphisms of PCSK9 in human sepsis. PCSK9 genetic variants have been well
characterized, so it was possible to parse and sort several common variants into known loss-of-
function (LOF) variants and compare these to a known gain-of-function (GOF) variant. PCSK9
variants were genotyped in two cohorts of patients with severe sepsis and septic shock. In
accord with the murine LPS results, humans with septic shock carrying LOF variants of PCSK9
had a reduced inflammatory cytokine response and decreased mortality whereas GOF variants

had the opposite effect.

As used herein, “proprotein convertase subtilisin kexin 9” or "PCSK9” is meant to refer to an
important protein in LDL cholesterol (LDL-C) metabolism. PCSK9 plays an important role in
the degradation of the LDL receptor (LDLR). In LDL metabolism the LDLR binds to LDL in
circulating blood and internalizes the LDL into clathrin-coated pits for lysosomal degradation.
Following internalization of the LDL, the LDLR 1is then recycled back to the plasma membrane
where it can bind more LDL. This process repeats continuously. However, PCSK9 degradation
of the LDLR prevents recycling of the LDLR to the membrane and thus reduces LDL clearance
from the blood. Accordingly, PCSK9 has an important target for inhibition for the promotion of

reduced LDL-C and thus a therapeutic target for the treatment of hypercholesterolemia and
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associated cardiovascular diseases. The crystal structure of PCSK9 was described in
PCT/US2008/056316. Furthermore, PCT/IB2004/001686 describes mutations in the human
PCSKO9 gene associated with hypercholesterolemia. PCSK9 is a part of the LDL-C metabolism
pathway.

The PCSK9 gene encodes a pro-protein, which has also been termed Narc 1, a proteinase that is
related to proteinase K**. PCSK9 is synthesized as a 74 kDa pro-protein that undergoes cleavage
in the endoplasmic reticulum resulting in secretion of a ~14 kDa fragment and a ~60 kDa
fragment held together by non-covalent bonds®**°. Further autocatalytic cleavage of the ~14
kDa fragment renders the pro-protein active. The active PCSK9 protein circulating in the plasma
binds the LDL receptor and, after internalization, prevents recycling of the receptor back to the
cell surface and promotes degradation of the receptor in the lysosome*"*%. Inhibition of PCSK9

results in decreased LDL cholesterol levels in humans®.

As used herein, “proprotein convertase subtilisin kexin 9 inhibitor” or "PCSK?9 inhibitor” is
meant to refer to any molecule that is capable of reducing the normal activity of PCSK9 within a
subject upon or after administration of the inhibitor. Such inhibitors may be antibodies
(including monoclonal antibodies), other peptides (for example, an EGFA domain mimetic, and
EGF-A peptide, a fibronectin based scaffold domain proteins, or a neutralizing PCSK9 variant
(for example, with a Pro/Cat domain). Alternatively, the PCSK9 inhibitor may be a nucleic acid
molecule (for example, a RNA interference (RNAI), a small interfering RNA (siRNA), a
meroduplex RNA (mdRNA), a locked nucleic acid antisense oligonucleotide (LNA) etc.).
Furthermore, the PCSK9 inhibitor may be a small molecule inhibitor of PCSK9.

‘RNAI’ as used herein is meant to include any of the gene silencing methods known in the art,
including post-transcriptional gene silencing (PTGS) methods. These may include, but are not
limited to any one or more of the following: microRNA (miRNA); small interfering (siRNA);
short-hairpin RNA (shRNA); primary-microRNA (pri-miRNA); asymmetric interfering RNA
(aiRNA); small internally segmented RNS (sisiRNA); meroduplex RNA (mdRNA); RNA-DNA
chimeric duplex; trans-kingdom RNA (tkRNA); tRNA-shRNA; tandem siRNA (tsiRNA);



WO 2013/170367 PCT/CA2013/000488

tandem hairpin RNA (thRNA); pri-miRNA mimic cluster; and transcriptional gene silencing
(TGS).

As used herein, "monoclonal antibody" or “MAb” is meant to refer to an antibody from a

population of substantially homogeneous antibodies (i.e. where the individual antibodies are
identical to one another, with the possible exception of some naturally-occurring mutations).
MAbs are highly specific, being directed against a single antigenic site and is often directed

against a single determinant on an antigen.

As used herein, "humanized" antibody is meant to refer to forms of non-human (e.g., murine)
antibodies that are chimeric immunoglobulins, immunoglobulin chains, or fragments thereof
(such as Fv, Fab, Fab', F(ab')2 or other antigen-binding subsequences of antibodies) that contain
minimal sequence derived from non-human immunoglobulin. Many humanized antibodies are
human immunoglobulins (recipient antibody) in which residues from a complementary
determining region (CDR) of the recipient are replaced by residues from a CDR of a non-human
species (donor antibody) such as mouse, rat, or rabbit having the desired specificity, affinity, and

capacity.

PCSK9 INHIBITORS
Exemplary PCSK9 inhibitors are described below.

Monoclonal antibodies

Monoclonal antibodies (MADbs) that specifically bind to PCSK9 are capable of inhibiting PCSK9

activity. In some instances, the MADbs bind near the catalytic domain, which interacts with the
low density lipoprotein receptor (LDLR) thereby inhibiting the catalytic activity of PCSK9 on
LDLR. A number of these MADbs are in clinical trials (for example, AMG145 (Amgen), 1D05-
[gG2 (Merck & Co.), and SAR236553/REGN727/Alirocumab (Aventis/Regeneron)). Similarly,
additional MAbs targeting PCSK9 are also in development (for example, RN-316 (Pfizer);
LGT209 (Novartis); RG7652 (Roche/Genentech)). A number of PCSK9 inhibitory Antibodies
and fragments thereof are described in the patent literature as follows:

MERCK/SCHERING CORP. (PCT/US2008/081311);

10
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SCHERING CORP. (PCT/US2011/056649);

REGENERON PHARMACEUTICALS, INC. (PCT/US2012/054756;
PCT/US2012/048574; PCT/US2009/068013);

SANOFI (PCT/EP2012/051318; PCT/EP2012/051320; PCT/EP2012/051321);
ELI LILLY AND COMPANY (PCT/US2012/054737);

AFFIRIS AG (PCT/EP2012/067950);

PFIZER (PCT/IB2012/053534; PCT/IB2012/050924; PCT/IB2010/053784);
NOVARTIS AG (PCT/EP2012/061045; PCT/US2012/041214; PCT/EP2008/054417);
IRM LLC and NOVARTIS AG (PCT/US2012/024633; PCT/US2010/059959);
GENENTECH INC. and HOFFMANN LA ROCHE (PCT/US2011/024633);
MERCK SHARP & DOHME (PCT/US2010/054714; PCT/US2010/054640;
PCT/US2010/048849);

RINAT NEUROSCIENCE CORP/PFIZER (PCT/IB2009/053990);

MERCK & CO INC. (PCT/US2009/033369; PCT/US2009/033341;
PCT/US2007/023223; PCT/US2007/023213; PCT/US2007/023212;
PCT/US2007/023169); and

AMGEN INC. (PCT/US2008/074097).

PCSK9-mediated activity on cell surface LDLRs has been reversed using antibodies that
recognize epitopes on PCSK9. In particular, where those epitopes are associated with the
catalytic domain. Intravenous infusion of an Amgen monoclonal antibody (AMG145) specific
for the catalytic domain of PCSK9 resulted in a significant reduction of circulating LDL-C levels
as early as 8 hours after injection in non-human primates. Merck & Co.’s monoclonal antibody
(1D05-IgG2) structurally mimics the EGFA domain of the LDLR. A single injection of 1D05-
IgG2 was also found to antagonize PCSK9 function in non-human primates, resulting in reduced
plasma LDL-C levels by up to 50%. Pfizer-Rinat and Sanofi-Aventis/Regeneron also have
monoclonal antibodies (RN316 and SAR236553/REGN727, respectively), which are also in

clinical trials.

Peptides
Peptides that mimic the EGFA domain of the LDLR that binds to PCSK9 have been developed

to inhibit PCSK9. Similarly, EGF-A peptides, fibronectin based scaffold domain proteins, which
bind PCSKO9, and neutralizing PCSK9 variants (for example, with a Pro/Cat domain), have been
developed and all of which have been shown to inhibit PCSK9 activity.

A number of PCSKY9 inhibitory peptides are described in the patent literature as follows:
SCHERING CORP. (PCT/US2009/044883);

11



WO 2013/170367 PCT/CA2013/000488

GENENTECH INC. and HOFFMANN LA ROCHE (PCT/US2012/043315);
SQUIBB BRISTOL MYERS CO. (PCT/US2011/032231; PCT/US2007/015298);
ANGELETTI P IST RICHERCHE BIO (PCT/EP2011/054646); and

AMGEN INC. (PCT/US2009/034775).

Oligonucleotides

PCSK9 antisense oligonucleotide from Isis Pharmaceuticals/Bristol-Myers Squibb (BMS-
PCSKO9Rx) has been shown to increase expression of the LDLR and decrease circulating total

cholesterol levels in mice.

Similarly, a locked nucleic acid from Santaris Pharma (LNA ASO) reduced PCSK9 mRNA
levels in mice. LNA ASO is complementary to the human and mouse PCSK9 mRNA (accession
# NM 174936 and NM153565) is a 13-nucleotide long gapmer with the following sequence:
GTctgtggaaGCG (uppercase LNA, lowercase DNA) and phos- phorothioate internucleoside
linkages.

Alnylam Pharmaceuticals has shown positive results in clinical trials for an siRNA (ALN-PCS)
for the inhibition of PCSK9. The siRNA was incorporated into lipidoid nanoparticles to
minimize toxicity and intravenously infused in rats, mice, and monkeys, resulting in reduced

LDL-C levels after administration.

A number of PCSK9 inhibitory oligonucleotides are described in the patent literature as follows:

SANTARIS PHARMA A/S (PCT/EP2007/060703; PCT/EP2009/054499;
PCT/EP2010/059257),

ISIS PHARMACEUTICAL INC. (PCT/US2007/068404),

SIRNA THERAPEUTICS INC. (PCT/US2007/073723);

ALNYLAM PHARMACEUTICALS INC. (PCT/US2011/058682;
PCT/US2010/047726; PCT/US2010/038707; PCT/US2009/032743;
PCT/US2007/068655);

RXI PHARMACEUTICALS CORP. (PCT/US2010/000019)
INTRADIGM CORP. (PCT/US2009/036550); and

NASTECH PHARM CO. (PCT/US2008/055554).

Small Molecules

Serometrix has reported a small molecule inhibitor of PCSK9 (SX-PCSK9)53. Similarly,

berberine as described in the examples may be used as a PCSK9 inhibitor.
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Systemic Inflammation

An “inflammatory response to infection”, as used herein, may be selected from one or more of:
sepsis, septicemia, pneumonia, septic shock, systemic inflammatory response syndrome (SIRS),
Acute Respiratory Distress Syndrome (ARDS), acute lung injury, infection, pancreatitis,
bacteremia, peritonitis, abdominal abscess, bowel infection, opportunistic infections, HIV/AIDS,
endocarditis, bronchiectasis, chronic bronchitis, meningitis, septic arthritis, urinary tract
infection, pyelonephritis, necrotizing fasciitis, Group A streptococcus infection, enterococcus
infection, Gram positive sepsis, Gram negative sepsis, culture negative sepsis, fungal sepsis,
meningococcemia, epiglotittis, E. coli 0157:H7 infection, gas gangrene, toxic shock syndrome,
mycobacterial tuberculosis, Pneumocystic carinii infection, pelvic inflammatory disease,

Legionella infection, Influenza A infection, Epstein-Barr virus infection, or encephalitis.

The “complications associated with inflammatory response to infection” may be selected from
renal failure; renal dysfunction; respiratory failure; respiratory dysfunction; or acute lung injury.
A PCSK?9 inhibitor may be used for the treatment of or prevention of or amelioration of any
complication associated with inflammatory response to infection, for example, renal failure;

renal dysfunction; respiratory failure; respiratory dysfunction; or acute lung injury.

As used herein “treatment” is meant to include the treatment of or the prevention of or the

amelioration of a disease or condition or symptom.

As used herein "systemic inflammatory response syndrome" or “SIRS” is defined as including
both septic (i.e. sepsis or septic shock) and non-septic systemic inflammatory response (i.e. post
operative). "SIRS" is further defined according to ACCP (American College of Chest
Physicians) guidelines as the presence of two or more of A) temperature >38°C or <36°C, B)
heart rate >90 beats per minute, C) respiratory rate >20 breaths per minute, and D) white blood

cell count >12,000 mm” or <4,000 mm’.

"Sepsis" is defined as the presence of at least two "SIRS" criteria and known or suspected source
of infection. Septic shock was defined as sepsis plus one new organ failure by Brussels criteria

plus need for vasopressor medication.
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An "rs" prefix designates a SNP in the database is found at the NCBI SNP database. The "rs"
numbers are the NCBI|rsSNP ID form.

Methods & Materials
Mice

All animal studies were approved by the University of British Columbia animal ethics committee

and conformed to NIH and Guide for the Care and Use of Laboratory Animals guidelines.

Male C57BL/6 (background control strain) and PCSK9 knock-out (B6:129S6-Pcsk9tm1Jdh/J)
mice, body weight 25-30 grams, 10-14 weeks old, were obtained from Jackson Labs™.
Compared to background controls, PCSK9 knock-out mice had reduced plasma cholesterol
concentrations with nearly undetectable LDL cholesterol concentrations®. There are no other

reported obvious phenotypic alterations.

Lipopolysaccharide induced systemic inflammation

Healthy mice had activity level, body temperature, blood pressure, and cardiac function
(echocardiography) assessed at baseline (time 0) as detailed below. Mice were then injected
intra-peritoneally with LPS (20 mg/kg, E. coli strain 01 II: B4, Sigma™, St. Louis, MO). This
dose was determined from previous experiments where, in the background strain of C57BL/6
mice, LPS 20 mg/kg delivered intra-peritoneally was the lowest dose, which was lethal in all
cases within 12 hours®. Then activity level and temperature were measured every hour for six
hours. At six hours blood pressure was measured by invasive arterial cannulation and cardiac

function (echocardiography) was assessed again.

Physiologic assessment of mice

Activity Index: Mice were observed during 2 minutes for posture and activity. 0 (normal)
denotes that there are no times with a hunched posture, and the mouse had spontaneous rapid
movements interspersed with eating and drinking. 1 (mild) is occasional brief (5-20 seconds)
hunched posture, which spontaneously reverted to normal with ongoing spontaneous rapid

movements interspersed with eating and drinking. 2 (mild-moderate) was longer (>20 seconds)
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in the hunched posture which spontaneously reverted to normal with ongoing spontaneous rapid
movements interspersed with eating and drinking. 3 (moderate-severe) was nearly continual
hunched posture with movement only when subjected to strong external stimuli. 4 (severe) was
continual hunched posture without movement. 0.5 intervals were used if the mouse exhibited

both levels within one observation period.

Temperature: Temperature was measured hourly using an infra-red thermometer (IR-101 La

Crosse Technology, La Crosse USA)) held 2-3 mm from the abdomen.

Blood Pressure: At baseline (time 0) mean arterial blood pressure was measured using a non-
invasive tail cuff (CODA 2™, Kent Scientific, Torrington, USA). Six hours after LPS injection,
mice were anesthetized using inhaled isofluorane (1-3%). Following a small laparatomy, the
abdominal aorta was punctured using a 27 gauge needle then a number 2 French
micromanometer catheter (Mikro-tip SPR-838™, Millar Instruments Inc., Houston, TX) was
inserted into the aorta. Mean arterial pressure was derived using analysis software (PVAN

2.9™ Millar Instruments Inc.).

Echocardiography: Mice were lightly anaesthetized using inhaled isofluorane (1-3%) and placed
on a warming blanket. M-mode echocardiograms (ECHO) were targeted from 2D echos
obtained using the Vevo 770 ECHO (Visualsonics™, Toronto, ON, Canada) operating at a 120
Hz frame rate. Left parasternal 2D left ventricular cross-sectional echocardiographic images
were obtained. The position and angle of the echo transducer is maintained by directing the
beam just off the tip of the anterior leaflet of the mitral valve and by maintaining internal
anatomic landmarks constant. All measurements are taken from M-mode traces at end-
expiration. Left ventricular internal dimensions were measured at end-diastole (defined as the
onset of the QRS complex in lead II of the simultaneously obtained electrocardiogram) and at

end-systole (defined as minimum internal ventricular dimension).

Multiplex cytokine assay: Plasma was diluted 0-50X to ensure that all measurements were
within test range and 50 puL per microplate well was added to duplicate wells to the LUMO000

mouse base kit microplate (R&D Systems™, Minneapolis, MN), and the protocol followed as
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per the manufacturer’s instructions. Each sample was measured in duplicate. Microplates were
analyzed using the Luminex100™ with accompanying 1.7 Software (L.uminex Corporation™,
Austin, TX). Cytokines were selected to represent early inflammation (TNFa), an integrated
inflammatory marker (IL-6), an anti-inflammatory marker (IL-10), and representative CC
chemokines (JE as a murine homologue of human MCP-1) and CXC chemokines (MIP-2 and

KC, which are murine homologues of human IL-8).

Human genetic association study

St Paul’s Hospital (SPH) Derivation Cohort. All patients admitted to the ICU at St. Paul’s
Hospital in Vancouver, Canada between July 2000 and January 2004 were screened and of these,
601 patients were classified as having septic shock and had DNA available. Septic shock was
defined by the presence of two or more diagnostic criteria for the systemic inflammatory
response syndrome, proven or suspected infection, new dysfunction of at least one organ, and
hypotension despite adequate fluid resuscitation”. Twelve patients were excluded as they had
been included in the VASST cohort (see below), leaving the remaining 589 patients for further
study. Inclusion criteria and clinical phenotyping are described elsewhere®. The Institutional

Review Board at St. Paul’s Hospital and the University of British Columbia approved the study.

Furthermore, each of the patients evaluated in the study had an inflammatory response to
infection. Accordingly, each of the patients would have had one or more of the following:
sepsis, septicemia, pneumonia, septic shock, systemic inflammatory response syndrome (SIRS),
Acute Respiratory Distress Syndrome (ARDS), acute lung injury, infection, pancreatitis,
bacteremia, peritonitis, abdominal abscess, bowel infection, opportunistic infections, HIV/AIDS,
endocarditis, bronchiectasis, chronic bronchitis, meningitis, septic arthritis, urinary tract
infection, pyelonephritis, necrotizing fasciitis, Group A streptococcus infection, enterococcus
infection, Gram positive sepsis, Gram negative sepsis, culture negative sepsis, fungal sepsis,
meningococcemia, epiglotittis, E. coli 0157:H7 infection, gas gangrene, toxic shock syndrome,
mycobacterial tuberculosis, Pneumocystic carinii infection, pelvic inflammatory disease,

Legionella infection, Influenza A infection, Epstein-Barr virus infection, or encephalitis.
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Vasopressin and Septic Shock Trial (VASST) Validation Cohort. VASST was a multicenter,
randomized, double blind, controlled trial evaluating the efficacy of vasopressin versus
norepinephrine in 779 patients who had septic shock, as defined above®, and vasopressor
infusion of at least 5 pg/min of norepinephrine, or equivalent”’. Inclusion criteria and clinical
phenotyping are described elsewhere?’. DNA was available from 616 patients. The research
ethics boards of all participating institutions approved this trial and written informed consent was
obtained from all patients or their authorized representatives. The research ethics board at the

coordinating center (The University of British Columbia) approved the genetic analysis.

Genotyping and SNP Selection: DNA was extracted from buffy coat of discarded blood samples
using a QlAamp DNA™ maxi kit (Qiagen™, Mississauga, ON, Canada) (SPH cohort) or
QIAamp DNA Blood Midi Kit™ (Qiagen™) (VASST cohort). Tag SNP genotyping was
performed using the Illumina Golden Gate™ assay (Illumina Inc., San Diego, CA). To select
initial tag SNPs in PCSK9 for genotyping we first resolved haplotypes using PHASE® applied to
dense CEU genotyping of PCSK9 available from SeattleSNPs. A crossing over event is evident
at approximately the middle of the gene resulting in the requirement for a large number of tag
SNPs to resolve all possible haplotypes. To simplify genotyping, we limited our tag SNP
choices to three bins within the 3’ end of the gene and one further bin 5 to the crossing over
event. We weighted our tag SNP choice within each bin by the genotyping probability of
success supplied by Illumina for the Golden Gate™ assay. Accordingly, PCSK9 tag SNPs were
genotyped in both septic shock cohorts were rs644000, rs2479408, rs2479409 and rs572512.
Subsequently, additional known loss-of-function (LOF) SNPs (rs11591147 R46L, rs11583680
A53V, 15562556 V474I) and a known gain-of-function (GOF) SNP (rs505151 G670E) were
genotyped in the VASST cohort as part of whole genome genotyping using the Illumina Human
IM-Duo™ genotyping platform (Illumina Inc.).

Primary and Secondary Outcomes: The primary outcome was 28-day mortality. Secondary
outcomes included measures of organ dysfunction, which were calculated as days alive and free
of organ dysfunction”. We assessed cardiovascular, respiratory, renal, hematologic, hepatic, and
neurologic dysfunction as well as need for vasopressors, mechanical ventilation and renal

replacement therapy. We also assessed the systemic inflammatory response by measuring
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plasma cytokine levels in 278 patients from VASST cohort at baseline and at 24 hours after
inclusion into VASST.

Cytokine measurements: Human multiplex kits (EMD Millipore™) were used according to the
manufacturer’s recommendations with modifications as described below. Briefly, samples were
mixed with antibody-linked magnetic beads on a 96-well plate and incubated overnight at 4°C
with shaking. Plates were washed twice with wash buffer in a Biotek ELx405T™ washer.
Following a one-hour incubation at room temperature with biotinylated detection antibody,
streptavidin-PE was added for 30 minutes with shaking. Plates were washed as above and PBS
added to wells for reading using a Luminex 200™ (Illumina Inc.) with a lower bound of 100
beads per sample per cytokine. Each sample was measured in duplicate. To correspond to the
mouse cytokine measurements we selected cytokines to represent early inflammation (TNFa), an
integrated inflammatory marker (IL-6), an anti-inflammatory marker (IL-10), and a

representative CC chemokine (MCP-1) and CXC chemokine (IL-8).

Statistical Analysis

We used repeated measures analysis of variance to test for differences in activity level,
temperature, and ejection fraction between PCSK9 knock-out and background control mice over
time. We used unpaired t-tests to test for differences in mean arterial pressure because this
variable was measured using two different instruments at baseline and at 6 hours after LPS

administration.

For human septic shock our primary analysis used logistic regression to determine the risk of
mortality by PCSK9 genotype, including the covariates of age, gender, Caucasian ancestry, and a
surgical versus medical primary diagnosis in the statistical model. We tested for differences in
cytokine concentrations by genotype using a repeated measures analysis of variance. Univariate
analyses were performed using chi-square tests for categorical data and either Kruskal-Wallis
tests or one-way ANOVA for continuous data. Populations were tested for Hardy-Weinberg
equilibrium using a chi-square test. All tests were two-sided. Differences were considered
significant if P<0.05. All analyses were performed using R (version 2.8.1, www.R-project.org)

and SPSS™ version 16.0 (SPSS Inc, Chicago, IL) statistical software packages.
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EXAMPLES
EXAMPLE 1: PCSK9 knock-out mice have a blunted response to LPS
By six hours after LPS injection all 10 C57BL/6 background control mice exhibited continuously
hunched posture and did not move despite strong stimulus (Activity index of 4/4). In contrast
the PCSK9 knock-out mice had a mean activity index of 2.40 £ (.90 (p<0.05 vs. C57 mice)
corresponding to at most 20-30 seconds of hunched posture which spontaneously reverted to
normal with ongoing spontaneous rapid movements interspersed with eating and drinking
(FIGURE 1A). A comparison of group means demonstrates a statistically significant effect (*

p<0.05) in hours 3-6, with typically an activity index greater than 3.5 represents a terminal state.

Background control type mice (CS7BL/6) demonstrated a progressive loss of body temperature
over the six hours following LPS administration such that 6 of the 10 mice had a body
temperature < 32°C and the group mean temperature at six hours was 30.5 +2.8°C (FIGURE
1B), while none of the 10 PCSK9 knock-out mice had their temperature drop below 32°C and the
group mean temperature was 35.2 + 1.8°C (p<0.05 PCSK9 knock-out versus background
control). A comparison of group means demonstrates a statistically significant effect (p<0.05) in

hours 5 and 6, with typically a sustained temperature less than 32°C represents a terminal state.

LPS induced an acute decrease in mean arterial pressure and left ventricular ejection fraction
within hours in C57BL/6 background control mice***’. As shown in TABLE 1A and FIGURE
1C, in the background control mice the mean arterial pressure declined from 120 + 5 mmHg to
63 + 11 mmHg at six hours following LPS administration. PCSK9 knock-out mice had a similar
mean arterial pressure at baseline time 0 (110 £ 6 mmHg), but demonstrated far less decline in
mean arterial pressure at 6 hours after LPS administration (75 £ 15 mmHg) compared to
background control mice (P<0.05) (TABLE 1A). Similar results were obtained when the
ejection fraction (%) were compared (see FIGURE 1D).

When compared to the results with LPS treated LDLR-/- mice also treated with either saline or
berberine, there were minimal differences between the saline and berberine mice (TABLE 1B).
This is consistent with the hypothesis that the benefit derived from the inhibition of PCSK9 is the

result of increased availability of LDLR and a subsequent reduction in plasma LDL.
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TABLE 1A
Mouse hemodynamic response following 20 mg/kg LPS or sterile saline. n = 6 per group. Data
are mean * standard deviation.

HR bpm HR bpm MAP MAP LVEF % | LVEF %
(Saline) (LPS) mmHg mmHg (Saline) (LPS)
(Saline) (LPS)
Background | 370 = 38 450 = 53 120+ 5 63+ 11 57+6.2 32+49

control

PCSK9 510+39* | 590 «£35* 110+ 6 75 + 15% 54 + 6.8 44 + 8.8 *
knock-out

* P<0.05 PCSK9 knock-out compared to Background control.

TABLE 1B
Responses to LPS treatment in LDLR-/- mice also treated with either saline or berberine.
Activity | Activity | Temp. Temp. 6 | EF EF 6 hrs | MAP MAP 6
Baseline | 6 hrs Baseline | hrs LPS | Baseline | LPS Baseline | hrs LPS
LPS
Saline 0 0 (-0.8- 37.1 28.3 54.2 21.3 124 118- | 53 (32-
(0-0) 0.3) (36.2- 26.0- 36.6- (16.3- 129) 74)
37.9) 30.6) 71.8) 26.3)
Berberine |0 0(-0.8- 37.0 28.5 50.4 26.0 109 (93- | 53 (52-
(0-0) 0.3) (36.2- 26.1- 38.2- (23.0- 125) 54)
37.9) 30.8) 62.6) 29.0)
P-value NA 0.356 0.806 0.898 0.844 0.045 0.565 0.477

e (Data are median (95% CI) and all groups were n=4)

As assessed by trans-thoracic echocardiography left ventricular ejection fraction declined
significantly from baseline (57 £ 6.2%) to six hours after LPS administration (32 + 4.9%,
p<0.05) in background control mice. In contrast, in the PCSK9 knock-out mice left ventricular
ejection fraction was similar to the background control mice at baseline (54 + 6.8%), but had far
less decline six hours after LPS administration (44 + 8.8%, p<0.05 compared to background

control mice).

PCSK9 knock-out mice had a blunted inflammatory cytokine response to LPS
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In accordance with the inflammatory phenotype observations, PCSK9 knock-out mice also
showed an attenuated pro-inflammatory cytokine response measured in plasma at 6 hours after
LPS infusion (TABLE 2). More specifically, the PCSK9 knock-out mice had statistically lower
median JE plasma concentrations of 25000 + 11000 pg/ml compared to background control mice
(37000 + 9200 pg/ml) at 6 hours after LPS administration (P<0.05). MIP-2 was also reduced in
PCSK9 knock-out mice with a median concentration of 54000 £ 13000 vs 63000 + 6500 pg/ml
in background controls (P<0.05). There was no difference in MFI between PCSK9 knock-out
mice and background controls with respect to JE and MIP-2 in saline treated mice (TABLE 2).

TABLE 2
Multiplex cytokine analysis of mouse plasma 6 hours following 20 mg/kg LPS. n=8 per group.
Data are median concentration in pg/ml with standard deviation (P < 0.05 vs Background strain LPS)

Background Background
Cytokine Strain SL PCSK9 KO SL Strain LPS PCSK9 KO LPS
TNFalpha 1.7 .60 1.7 3.0 224 =76 190 + 34
IL-6 8.1x6.7 8.1 + 108
IL-10 1.2+0 1.9+5.9 520 = 170 290 = 100
JE 60 = 30 30 =250 37000 = 9200 25000 = 11000*
MIP-2 4+2 3x6 63000 + 6500 54000 = 13000*
KC 410 = 600 280 = 1000
EXAMPLE 2: PCSKD9 genotype is associated with mortality in humans

Using the four selected haplotype tag SNPs, it was found that PCSK9 genotype in humans was
significantly associated with mortality (TABLE 3). No consistent significant differences at
baseline characteristics in these two cohorts were identified that could potentially confound this
result (TABLE 4). In particular, the minor G allele of rs644000 A/G was highly associated with
decreased mortality over 28 days in both the SPH cohort (p<0.0045) and in the VASST cohort
(0.0044) (TABLE 5 and FIGURE 2). In accord with this observation, it was also found that the
G allele of rs644000 was associated with decreased dysfunction of cardiovascular, respiratory,
renal and hepatic organ systems and trends to more neurologic and hematologic dysfunction (as
expressed by decreased numbers of days alive and free of organ dysfunction in TABLE 6).
There was also a significantly increased need for vasopressor use, mechanical ventilation, and
renal replacement therapy (TABLE 6). The results in TABLE 6 show that respiratory failure

resulted in subjects with severe infection and correlated with rs644000 genotype.

21



WO 2013/170367

TABLE 3
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Associations of haplotype tag SNPs with 28-day mortality in SPH.

Gene rs # Major (minor | Minor allele HWE P Raw P value
allele) frequency value (Corrected P
(HapMap) value)
PCSK9 rs2479408 C(G) 0.178(0.186) 0.38 0.043(0.17)
152479409 A(G) 0.441(0.350) 9.8 x 107 0.18
rs572512 C(T) 0.495(0.381) 5.6x107 0.55
rs644000 A(G) 0.301(0.371) 0.21 0.0070(0.028)
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Human PCSK9 Loss-Of-Function and Gain-Of-Function variants
The human PCSK9 gene has been highly characterized and several relatively common missense
variants’' (Minor Allele Frequency [MAF] >0.5%) and many rare missense and nonsense

variants>? have been identified that are associated with decreased LDL levels®*?*

of Loss-Of-Function (LOF) of PCSK9 (FIGURE 3). The relationship between LDL levels and

, as an indicator

genotype of PCSK9 has also been identified using an unbiased GWAS approach3 3. One fairly
common missense variant>® and many rare missense variants®"*” have been found to be
associated with increased LDL levels and, based on this, are considered Gain-Of-Function
variants (GOF) (FIGURE 3). Accordingly, we genotyped the relatively common PCSK9 LOF
variants (MAP>0.5%, rs11591147 R46L, rs11583680 AS3V, rs562556 V474I) and the relatively
common PCSK9 GOF variant (rs505151 G670E) in the VASST cohort.

It was found that the LOF alleles of rs11591147, rs11583680, and rs562556 all preferentially
segregated with the minor G allele of our tag SNP, rs644000 (FIGURE 3). Out of 1324 total
observed haplotypes a LOF allele was observed 442 times within 309 haplotypes. 83.5% of
these LOF alleles were contained within haplotypes that also contained the rs644000 minor G
allele. Only 15.5% of the LOF alleles were contained within rs644000 major A allele
haplotypes. Thus, the minor allele of rs644000 is a marker of the most common PCSK9 LOF
genetic variants. Conversely, the relatively common GOF variant preferentially segregated with
the major A allele of rs644000 (FIGURE 3). 95.2% of these GOF alleles were contained within
haplotypes that also contained the rs644000 major A allele. Only 4.8% of the GOF alleles were
contained within the rs644000 minor G allele haplotypes. Thus, overall, the minor allele of
1644000 is preferentially associated with LOF alleles and the major allele of rs644000 is
preferentially associated with GOF alleles of know relatively common genetic variants of
PCSK9. To understand whether PCSK9 rs644000 was highly associated with patient outcome
because it or a SNP in high linkage disequilibrium (LD) with it was a functional SNP or,
conversely, whether the associated LOF and GOF variants were the likely functional SNPs, the

LOF and GOF variants were first separately examined.

It was found that patients in VASST having at least one PCSK9 LOF allele had decreased
mortality over 28 days (29.1% 28-day mortality, FIGURE 4A) compared to patients without a
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LOF allele (39.6% 28-day mortality, FIGURE 4A) (p=0.0037 by log-rank test). Using logistic
regression to identify and adjust for potentially important covariates, it was found that having at

least one PCSK9 LOF allele remained statistically significant (P<0.009) (TABLE 7).

TABLE 7
Logistic regression testing for LOF and GOF effects on 28-day mortality in VASST.

LOF patients had at least one LOF allele. GOF patients had at least one GOF allele

Loss-Of-Function Gain-Of-Function

Odds Ratio P Odds Ratio P

(95% Confidence (95% Confidence

interval) interval)
Age -per year 1.017 (1.007-1.029) 0.001 1.007 (0.997-1.027) 0.11
Female 0.99 (0.71-1.40) 0.97 0.81 (0.50-1.29) 0.37
Caucasian 0.80 (0.51-1.26) 0.33 0.91 (0.46-1.77) 0.77
Surgical 0.75 (0.50-1.14) 0.18 0.64 (0.51-1.52) 0.63
Effect of genetic variant (.64 (0.46-0.89) 0.009 1.92 (1.06-3.48) 0.031

The number of haplotypes containing a GOF variant (n=59+3 rare=62 in FIGURE 3) was less
than the number containing at least one of the three LOF variants (total n = 108+136+54+6+5
rare=309 in FIGURE 3). Therefore, there was no expectation that a statistically significant effect
of the GOF variant would be found, but there was interest in determining if GOF effects were
directionally opposite LOF effects. Indeed, it was found that patients in VASST having the GOF
variant had a directionally opposite effect to LOF variants; having increased mortality over 28
days (43.9% 28-day mortality, FIGURE 4B) compared to patients with a LOF variant (28.3%
28-day mortality, FIGURE 4B) (p=0.011 by log-rank test). Logistic regression, adjusting for
potentially important covariates, similarly identified increased mortality in patients having a

PCSK9 GOF variant (p=0.031) (TABLE 7).

To further distinguish between a primary effect of rs644000 (or a SNP in LD) versus a primary
effect of LOF variants, it was reasoned that if the primary effect was due to rs644000, and not
due to LOF variants, then an analysis that selected only heterozygotes for rs644000 (thereby
keeping the rs644000 genetic background constant) would eliminate the LOF effect. However, it
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was found that LOF variants retained a statistically significant decrease in mortality effect even
in these selected patients (FIGURE 5). These rs644000 heterozygous patients in VASST having
at least one PCSK9 LOF allele had decreased mortality (28.9% 28-day mortality) compared to
patients without a LOF allele (37.8% 28-day mortality) (p=0.029 by log-rank test). Thus, it
appeared that the effect on mortality was most likely conferred by LOF variants (and GOF
variants) rather than by a primary effect of rs644000. Most likely, rs644000 was simply a
marker of preponderance of LOF variants associated with the minor G allele of rs644000 and

GOF variant almost exclusively associated with the major A allele of rs644000.

PCSK9 knock-out mice when compared to genetic background controls, were protected against
the adverse effects of LPS administration, which is an important pre-clinical model of the
systemic inflammatory response relevant to sepsis and septic shock. The PCSK9 knock-out mice
showed beneficial amelioration of the adverse effect of LPS on activity and body temperature, as
well as on adverse LPS-induced cardiovascular phenotypes of hypotension and decreased left
ventricular ejection fraction. PCSK9 knock-out mice also showed a decrease in the plasma
inflammatory cytokine response in response to LPS. Knocking out PCSK9 proved to be
protective of the important and common adverse effects of LPS. Furthermore, to determine
whether the impact of PCSK9 was relevant in human subjects a tag SNP approach was used,
whereby well characterized PCSK9 Loss-Of-Function (LOF) and Gain-Of-Function (GOF)
genetic variants were utilized similar to the PCSK9 knockout mice. It is shown herein that
genotype of the PCSK9 tag SNP, rs644000, was highly associated with 28-day mortality in the
SPH septic shock cohort and this result replicated in the VASST septic shock cohort. It was also
shown herein that LOF missense variants were associated with decreased 28-day mortality while
GOF missense variants were associated with increased 28-day mortality. All three relatively
common LOF variants (MAF>0.5%) were predominately found within haplotypes tagged by the
minor allele of rs644000 and the relatively common GOF variant was almost exclusively found
within haplotypes tagged by the major allele of rs644000, likely accounting for the strong
association of the minor G allele of rs644000 with decreased 28-day mortality. Furthermore, it
was found that plasma concentrations of inflammatory cytokines and chemokines were elevated
in patients having GOF variants compared to those with LOF variants. These human septic

shock results align well with the mouse model of systemic inflammation indicating that
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decreased PCSK9 activity results in a decreased inflammatory cytokine response and increased
survival. These results support the conclusion that reduction of activity of PCSK9 reduces the
inflammatory response and improves physiologic outcome in mice following LPS administration
and also increases survival and reduces renal failure or renal dysfunction in human subjects with

severe sepsis and septic shock.

LOF and GOF Mutations in PCSK9

Many mutations in the PCSK9 gene have already been well documented®' and functional effects
characterized**. LOF mutations result in reduced sequestration of the LDL receptor and, as a
result, decreased plasma LDL cholesterol concentrations. Presumably LOF mutations would
similarly impact other receptors regulated by PCSK9 including the very low-density lipoprotein
receptor, ApoER2, and CD81. Three LOF variants have been found to be relatively common
(MAF>0.5%). The missense variant rs11591147 results in an R46L substitution, which is
consistently associated with low LDL cholesterol levels and, hence is a LOF variant®"***. This
variant results in improved patient outcomes in atherosclerotic disease®. Similarly, rs11583680
A53V is common and reported to be a LOF variant’’. The missense variant rs562556 results in a
V4741 substitution, which results in decreased total cholesterol and LDL cholesterol*’.
Conversely, GOF variants lead to decreased numbers of LDL receptors at the cell surface of
hepatocytes and, as a result, increased plasma LDL cholesterol levels with a concomitant
increase in atherosclerosis and cardiovascular disease®®. Some genetic variants in PCSK9 may
result in LOF or GOF by affecting the affinity with which PCSK9 binds the LDL receptor, with
some variants displaying a many-fold increase in affinity over wild type PCSK9*. Other genetic
variants may affect the degradation of PCSK9 protein, either increasing or decreasing the half-

life of PCSK9%.

PCSK9 in Inflammation and Infection

PCSKO9 results in up-regulation of genes involved in sterol biosynthesis and down-regulation of
stress-response genes and specific inflammation pathways™. PCSK9 has pro-apoptotic effects’'.
PCSK9 concentrations are increased in patients who have peri-odontal infections; PCSK9
concentrations in periodontitis patients were significantly higher than healthy controls in one

study™”. Labonte and colleagues found an antiviral effect of circulating liver-derived PCSK9 on
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HCV in cells and showed that PCSK9 down-regulates the level of mouse liver CD81 expression
in vivo. Cells expressing PCSK9 were shown to be resistant to HCV infection. Also, addition of
purified soluble PCSKO9 to cell culture supernatant impeded HCV infection in a dose-dependent

manner.

The results from human septic shock align in many ways with the mouse model of systemic
inflammation. Therefore, it is concluded that decreased PCSK9 activity results in amelioration
of adverse consequences of systemic inflammation including adverse cardiovascular effects
(hypotension, decreased left ventricular ejection fraction in mice; cardiovascular organ
dysfunction and need for vasoactive agents in humans), adverse global phenotypes (activity and
body temperature in mice; multiple organ dysfunction in humans), amelioration of the
inflammatory cytokine response (similar pattern in mice and humans), and reduction in mortality
(surrogate mortality endpoints in mice, 28-day mortality in humans). There are a number of
PCSK9 inhibitors in development for treatment of lipid disorders, but none are focused on sepsis
or septic shock or other related inflammatory conditions. A reduction in PCSK9 activity using
PCSKJ inhibition could improve outcomes of human sepsis, septic shock, and many other
inflammatory responses to infection, or reduce/prevent treating or preventing renal failure; renal

dysfunction; respiratory failure; respiratory dysfunction; or acute lung injury.

Although various embodiments of the invention are disclosed herein, many adaptations and
modifications may be made within the scope of the invention in accordance with the common
general knowledge of those skilled in this art. Such modifications include the substitution of
known equivalents for any aspect of the invention in order to achieve the same result in
substantjally the same way. Numeric ranges are inclusive of the numbers defining the range.
The word "comprising" is used herein as an open-ended term, substantially equivalent to the
phrase "including, but not limited to", and the word "comprises" has a corresponding meaning.
As used herein, the singular forms "a", "an" and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to "a thing" includes more than one such
thing. Citation of references herein is not an admission that such references are prior art to an

embodiment of the present invention. Any priority document(s) and all publications, including

but not limited to patents and patent applications, cited in this specification are incorporated
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herein by reference as if each individual publication were specifically and individually indicated
to be incorporated by reference herein and as though fully set forth herein. The invention
includes all embodiments and variations substantially as hereinbefore described and with

reference to the examples and drawings.
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CLAIMS
What is claimed is:

I. A method of treating an inflammatory response to infection, the method comprising:
administering a proprotein convertase subtilisin kexin 9 (PCSK9) inhibitor to a subject in need
thereof.

2. The method of claim 1, wherein the PCSK9 inhibitor is an antibody or antigen-binding
fragment thereof.

3. The method of claim 1 or 2, wherein the PCSK9 inhibitor is a monoclonal antibody or
antigen-binding fragment thereof.

4, The method of claim 1, 2, or 3, wherein the PCSK9 inhibitor is: AMG145; 1D05-1gG2;
SAR236553/REGN727 (Alirocumab); RN-316; LGT209; or RG7652.

5. The method of claim 1, wherein the PCSK9 inhibitor is a peptide mimetic.

6. The method of claim 1 or 5, wherein the PCSK9 inhibitor is an EGFA domain mimic,
EGF-A peptide, a fibronectin based scaffold domain proteins, or a neutralizing PCSK9 variant.
7. The method of claim 1, wherein the PCSK9 inhibitor is an antisense oligonucleotide.

8. The method of claim 1 or 7, wherein the PCSK9 inhibitor is BMS-PCSK9Rx.

9. The method of claim 1, wherein the PCSK9 inhibitor is an RNAi molecule.

10. The method of claim 1 or 9, wherein the PCSK9 inhibitor is LNA ASO or ALN-PCS.
11. The method of any one of claims 1-10, wherein the subject is a human.

12.  The method of any one of claims 1-11, wherein the inflammatory response to infection, is
one or more of’ sepsis, septicemia, pneumonia, septic shock, systemic inflammatory response
syndrome (SIRS), Acute Respiratory Distress Syndrome (ARDS), acute lung injury, infection,
pancreatitis, bacteremia, peritonitis, abdominal abscess, bowel infection, opportunistic infections,
HIV/AIDS, endocarditis, bronchiectasis, chronic bronchitis, meningitis, septic arthritis, urinary
tract infection, pyelonephritis, necrotizing fasciitis, Group A streptococcus infection,
enterococcus infection, Gram positive sepsis, Gram negative sepsis, culture negative sepsis,
fungal sepsis, meningococcemia, epiglotittis, E. coli 0157:H7 infection, gas gangrene, toxic
shock syndrome, mycobacterial tuberculosis, Pneumocystic carinii infection, pelvic
inflammatory disease, Legionella infection, Influenza A infection, Epstein-Barr virus infection,
or encephalitis.

13.  The method of any one of claims 1-12, wherein the subject has septic shock.
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14.  The method of any one of claims 1-13, wherein the subject has sepsis.

15. A pharmaceutical composition for treating an inflammatory response to infection,
comprising a PCSK9 inhibitor and a pharmaceutically acceptable carrier.

16.  The pharmaceutical composition of claim 15, wherein the PCSK?9 inhibitor is selected
from one or more of the following: an antibody or antigen-binding fragment thereof; a peptide
mimetic; an antisense oligonucleotide; an RNAi molecule.

17. The pharmaceutical composition of claim 15 or 16, wherein the PCSK9 inhibitor is a
monoclonal antibody or antigen-binding fragment thereof.

18.  The pharmaceutical composition of claim 15, 16, or 17, wherein the PCSK9 inhibitor is:
AMG145; 1D05-1gG2; SAR236553/REGN727 (Alirocumab); RN-316; LGT209; or RG7652.
19.  The pharmaceutical composition of claim 15 or 16, wherein the PCSK9 inhibitor is an
EGFA domain mimic, EGF-A peptide, a fibronectin based scaffold domain proteins, or a
neutralizing PCSK9 variant.

20. The pharmaceutical composition of claim 15, 16, or 19, wherein the PCSK9 inhibitor is
BMS-PCSKO9RXx.

21.  The pharmaceutical composition of claim 15 or 16, wherein the PCSKO inhibitor is LNA
ASO or ALN-PCS.

22. The pharmaceutical composition of any one of claims 15-21, wherein the subject is a
human.
23.  The pharmaceutical composition of any one of claims 15-22, wherein the inflammatory

response to infection, is one or more of: sepsis, septicemia, pneumonia, septic shock, systemic
inflammatory response syndrome (SIRS), Acute Respiratory Distress Syndrome (ARDS), acute
lung injury, infection, pancreatitis, bacteremia, peritonitis, abdominal abscess, bowel infection,
opportunistic infections, HIV/AIDS, endocarditis, bronchiectasis, chronic bronchitis, meningitis,
septic arthritis, urinary tract infection, pyelonephritis, necrotizing fasciitis, Group A
streptococcus infection, enterococcus infection, Gram positive sepsis, Gram negative sepsis,
culture negative sepsis, fungal sepsis, meningococcemia, epiglotittis, E. coli 0157:H7 infection,
gas gangrene, toxic shock syndrome, mycobacterial tuberculosis, Pneumocystic carinii infection,
pelvic inflammatory disease, Legionella infection, Influenza A infection, Epstein-Barr virus

infection, or encephalitis.
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24. A PCSKO inhibitor for treating an inflammatory response to infection.

25. The PCSK9 inhibitor of claim 24, wherein the PCSK9 inhibitor is selected from one or
more of the following: an antibody or antigen-binding fragment thereof; a peptide mimetic; an
antisense oligonucleotide; an RNAi molecule.

20. The PCSKO inhibitor of claim 24 or 25, wherein the PCSK9 inhibitor is a monoclonal
antibody or antigen-binding fragment thereof.

27. The PCSKY inhibitor of claim 24, 25, or 26, wherein the PCSK9 inhibitor is: AMG145;
1D05-1gG2; SAR236553/REGN727 (Alirocumab); RN-316; LGT209; or RG7652.

28. The PCSK9 inhibitor of claim 24 or 25, wherein the PCSK9 inhibitor is an EGFA domain
mimic, EGF-A peptide, a fibronectin based scaffold domain proteins, or a neutralizing PCSK9
variant.

29. The PCSK9 inhibitor of claim 24, 25, or 28, wherein the PCSK9 inhibitor is BMS-
PCSK9Rx.

30. The PCSK9 inhibitor of claim 24 or 25, wherein the PCSK9 inhibitor is LNA ASO or
ALN-PCS.

31.  The PCSKO9 inhibitor of any one of claims 24-21, wherein the subject is a human.

32.  The PCSKJY inhibitor of any one of claims 24-31, wherein the inflammatory response to
infection, is one or more of: sepsis, septicemia, pneumonia, septic shock, systemic inflammatory
response syndrome (SIRS), Acute Respiratory Distress Syndrome (ARDS), acute lung injury,
infection, pancreatitis, bacteremia, peritonitis, abdominal abscess, bowel infection, opportunistic
infections, HIV/AIDS, endocarditis, bronchiectasis, chronic bronchitis, meningitis, septic
arthritis, urinary tract infection, pyelonephritis, necrotizing fasciitis, Group A streptococcus
infection, enterococcus infection, Gram positive sepsis, Gram negative sepsis, culture negative
sepsis, fungal sepsis, meningococcemia, epiglotittis, E. coli 0157:H7 infection, gas gangrene,
toxic shock syndrome, mycobacterial tuberculosis, Pneumocystic carinii infection, pelvic
inflammatory disease, Legionella infection, Influenza A infection, Epstein-Barr virus infection,
or encephalitis.

33, Use of a PCSK9 inhibitor for treating an inflammatory response to infection.

34.  Use of a pharmaceutical composition comprising a PCSK9 inhibitor and a

pharmaceutically acceptable carrier for treating an inflammatory response to infection.
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35.  Use of a PCSKY inhibitor in the manufacture of a medicament for treating an
inflammatory response to infection.

36. The use of claim 33, 34, or 35, wherein the PCSK?9 inhibitor is selected from one or more
of the following: an antibody or antigen-binding fragment thereof; a peptide mimetic; an
antisense oligonucleotide; an RNAi molecule.

37.  The use of any one of claims 33-36, wherein the PCSK9 inhibitor is a monoclonal
antibody or antigen-binding fragment thereof.

38.  The use of any one of claims 33-37, wherein the PCSK9 inhibitor is: AMG145; 1D05-
IgG2; SAR236553/REGN727 (Alirocumab); RN-316; LGT209; or RG7652.

39. The use of any one of claims 33-36, wherein the PCSK9 inhibitor is an EGFA domain
mimic, EGF-A peptide, a fibronectin based scaffold domain proteins, or a neutralizing PCSK9
variant.

40. The use of any one of claims 33-36, and 39, wherein the PCSK9 inhibitor is BMS-
PCSK9Rx.

41.  The use of any one of claims 33-36, wherein the PCSK9 inhibitor is LNA ASO or ALN-
PCS.

42. The use of any one of claims 33-41, wherein the subject is a human.

43, The use of any one of claims 33-42, wherein the inflammatory response to infection, is
one or more of: sepsis, septicemia, pneumonia, septic shock, systemic inflammatory response
syndrome (SIRS), Acute Respiratory Distress Syndrome (ARDS), acute lung injury, infection,
pancreatitis, bacteremia, peritonitis, abdominal abscess, bowel infection, opportunistic infections,
HIV/AIDS, endocarditis, bronchiectasis, chronic bronchitis, meningitis, septic arthritis, urinary
tract infection, pyelonephritis, necrotizing fasciitis, Group A streptococcus infection,
enterococcus infection, Gram positive sepsis, Gram negative sepsis, culture negative sepsis,
fungal sepsis, meningococcemia, epiglotittis, E. coli 0157:H7 infection, gas gangrene, toxic
shock syndrome, mycobacterial tuberculosis, Pneumocystic carinii infection, pelvic
inflammatory disease, Legionella infection, Influenza A infection, Epstein-Barr virus infection,
or encephalitis.

44. A commercial package comprising (a) a PCSK9 inhibitor; and (b) instructions for the use

thereof for treating and an inflammatory response to infection.
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45. A commercial package comprising (a) a pharmaceutical composition comprising a
PCSKO inhibitor and a pharmaceutically acceptable carrier; and (b) instructions for the use
thereof for treating an inflammatory response to infection.

46.  The commercial package of claim 44 or 45, wherein the PCSK9 inhibitor is selected from
one or more of the following: an antibody or antigen-binding fragment thereof; a peptide
mimetic; an antisense oligonucleotide; an RNAi molecule.

47, The commercial package of claim 44, 45, or 46, wherein the PCSK9 inhibitor is a
monoclonal antibody or antigen-binding fragment thereof.

48.  The commercial package of any one of claims 44-47, wherein the PCSK9 inhibitor is:
AMG145; 1D05-1gG2; SAR236553/REGN727 (Alirocumab); RN-316; LGT209; or RG7652.
49, The commercial package of claim 44, 45, or 46, wherein the PCSK9 inhibitor is an
EGFA domain mimic, EGF-A peptide, a fibronectin based scaffold domain proteins, or a
neutralizing PCSK9 variant.

50.  The commercial package of any one of claims 44-46, and 49, wherein the PCSK9
inhibitor is BMS-PCSK9Rx.

51.  The commercial package of any one of claims 44-46, wherein the PCSK?9 inhibitor is
LNA ASO or ALN-PCS.

52.  The commercial package of any one of claims 44-51, wherein the subject is a human.

53.  The commercial package of any one of claims 44-52, wherein the inflammatory response
to infection, is one or more of: sepsis, septicemia, pneumonia, septic shock, systemic
inflammatory response syndrome (SIRS), Acute Respiratory Distress Syndrome (ARDS), acute
lung injury, infection, pancreatitis, bacteremia, peritonitis, abdominal abscess, bowel infection,
opportunistic infections, HIV/AIDS, endocarditis, bronchiectasis, chronic bronchitis, meningitis,
septic arthritis, urinary tract infection, pyelonephritis, necrotizing fasciitis, Group A
streptococcus infection, enterococcus infection, Gram positive sepsis, Gram negative sepsis,
culture negative sepsis, fungal sepsis, meningococcemia, epiglotittis, E. coli 0157:H7 infection,
gas gangrene, toxic shock syndrome, mycobacterial tuberculosis, Pneumocystic carinii infection,
pelvic inflammatory disease, Legionella infection, Influenza A infection, Epstein-Barr virus

infection, or encephalitis.
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54. A method of treating renal failure, renal dysfunction, respiratory failure, respiratory
dysfunction, or acute lung injury, the method comprising: administering a proprotein convertase
subtilisin kexin 9 (PCSK9) inhibitor to a subject in need thereof.

55. A method of preventing renal failure, renal dysfunction, respiratory failure, respiratory
dysfunction, or acute lung injury, the method comprising: administering a proprotein convertase
subtilisin kexin 9 (PCSK9) inhibitor to a subject in need thereof.

56.  The method of claim 54 or 55, wherein the subject has an inflammatory response to
infection.

57. The method of claim 54, 55 or 56, wherein the PCSK9 inhibitor is selected from one or
more of the following: an antibody or antigen-binding fragment thereof; a peptide mimetic; an
antisense oligonucleotide; an RNAi molecule.

58.  The method of any one of claims 54-57, wherein the PCSK9 inhibitor is a monoclonal
antibody or antigen-binding fragment thereof.

59. The method of any one of claims 54-58, wherein the PCSK9 inhibitor is: AMG145;
1D05-1gG2; SAR236553/REGN727 (Alirocumab); RN-316; LGT209; or RG7652.

60.  The method of any one of claims 54-57, wherein the PCSK9 inhibitor is an EGFA
domain mimic, EGF-A peptide, a fibronectin based scaffold domain proteins, or a neutralizing
PCSKO9 variant.

61. The method of any one of claims 54-57, and 60, wherein the PCSK9 inhibitor is BMS-
PCSK9Rx.

62.  The method of any one of claims 54-57, wherein the PCSK9 inhibitor is LNA ASO or
ALN-PCS.

63.  The method of any one of claims 54-62, wherein the subject is a human.

64.  The method of any one of claims 56-63, wherein the inflammatory response to infection,
is one or more of: sepsis, septicemia, pneumonia, septic shock, systemic inflammatory response
syndrome (SIRS), Acute Respiratory Distress Syndrome (ARDS), acute lung injury, infection,
pancreatitis, bacteremia, peritonitis, abdominal abscess, bowel infection, opportunistic infections,
HIV/AIDS, endocarditis, bronchiectasis, chronic bronchitis, meningitis, septic arthritis, urinary
tract infection, pyelonephritis, necrotizing fasciitis, Group A streptococcus infection,
enterococcus infection, Gram positive sepsis, Gram negative sepsis, culture negative sepsis,

fungal sepsis, meningococcemia, epiglotittis, E. coli 0157:H7 infection, gas gangrene, toxic
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shock syndrome, mycobacterial tuberculosis, Pneumocystic carinii infection, pelvic

inflammatory disease, Legionella infection, Influenza A infection, Epstein-Barr virus infection,

or encephalitis.
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