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PIC1 VARIANTS WITH IMPROVED SOLUBILITY AND METHODS OF USING

THE SAME

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of and priority to United States Provisional Patent
Application Nos. 62/806,432 filed on February 15, 2019 and 62/949,181 filed on December

17, 2019, with both applications herein incorporated by reference in their entireties.

Background

[0002] Human astroviruses belong to a family of non-enveloped, icosahedral RNA viruses
that are an endemic, world-wide pathogen causing acute gastroenteritis in human infants [1].
Unlike calicivirus and rotavirus that cause severe acute disease, astrovirus gastroenteritis is
non-inflammatory [2]. The blunted inflammatory response to astrovirus may arise from the
787 amino acid residue astrovirus coat protein that forms the astrovirus capsid. The coat
protein was found to inhibit activation of the classical pathway of complement [3].
Complement is an innate immune response of humans that is characterized by a robust
inflammatory response to pathogens [4]. Analysis of the amino acid sequence of the
astrovirus coat protein identified a region with loose homology to human neutrophil defensin
type 1 (HNP-1) and led to development of short peptides that retained the ability to inhibit the

classical pathway of complement [5].

[0003] Platelet refractoriness continues to be a challenging clinical dilemma for clinicians
caring for patients with alloimmunization and development of anti-platelet antibodies [18].
The short lifespan of transfused platelets in these alloimmunized patents greatly limits their
ability to maintain platelet levels needed to minimize the risk of bleeding. Current methods
of management focus on testing and identifying platelet units less susceptible to the patient’s

circulating anti-platelet antibodies [24]. These methods are helpful for many patients, but the
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extra testing is time-consuming and may be only partially successful for individuals with high
levels of anti-platelet antibodies or HLA types that are difficult to match or avoid [22]. To
date pharmacological interventions have not demonstrated a consistent ability to moderate
platelet refractoriness and improve the life span of transfused platelets in alloimmunized

patients [24].

[0004] Delayed hemolytic transfusion reaction (DHTR) is characterized by a decrease in
hematocrit occurring more than one week after the transfusion. For some patients, the drop
in hematocrit associated with DHTR can be precipitous, causing severe, even life-threatening,

complications. A precipitous drop in hematocrit is sometimes referred to as hyperhemolysis.

[0005] The mechanisms underlying DHTR remain poorly understood. The most commonly
discussed theory is that DHTRs occur when a patient previously sensitized to a red blood cell
(RBC) antigen has undetectable alloantibody levels at the time of transfusion [33]. Thus, the
type and cross testing will show no evidence of incompatibility. One to four weeks after
transfusion with erythrocytes bearing this antigen, a primary or anamnestic response may

occur that causes DHTR [34].

[0006] Many DHTRs are believed to be mild and self-limited, such that DHTRs are
frequently unidentified. However, a reduction in hemoglobin to the pre-transfusion level
between one to two weeks post-transfusion is suspicious for DHTR. Severe DHTR reactions
occur without warning and are often life-threatening. They are treated similarly to acute

hemolytic transfusion reactions.

[0007] In DHTR, it is hypothesized that antibody-coated donor RBCs, usually of the IgG
subclass, are destroyed by extravascular hemolysis in the liver and spleen. The major
mechanisms of this disease process are believed to occur via Fc-mediated phagocytosis [35].

The role of complement activation in DHTR, if any, remains unknown.
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Brief Description of the Drawings

[0008] The patent or application file contains at least one drawing executed in color. Copies
of this patent or patent application publication with color drawing(s) will be provided by the

Office upon request and payment of the necessary fee.

[0009] Figures 1A-1D show sarcosine variant inhibition of complement activation in
hemolytic assays and Clq binding. Figure 1A shows the results of an assay of inhibition of
ABO incompatibility hemolysis in a CH50-type assay. Peptides are at a final concentration
of 1.8 mM. PIC1 denotes PA-dPEG24. The data shown are the means of n=4

independent experiments + SEM. Figure 1B shows the results of an assay of inhibition of
classical complement pathway-mediated hemolysis in factor B-depleted sera in a CH50-type
assay. Peptides are at a final concentration of 0.4 mM. The data shown are the means of n =
4 independent experiments + SEM. Figure 1C shows the results of an ELISA-type assay of
binding of increasing concentrations of sarcosine variants to purified C1q. The data shown
are the means of n = 3 independent experiments + SEM. Figure 1D shows the results

of calculations of half-maximal binding concentrations for each peptide’s binding curve.

[0010] Figures 2A-2D show the results of assays of inhibition of MPO peroxidase activity by
sarcosine variants. Figure 2A shows data in which MPO peroxidase activity was measured in
a TMB-based assay for each peptide over a range of concentrations (mM). PIC1 denotes PA-
dPEG24. The data shown are the means of n = 3 independent experiments + SEM. Figure 2B
is a graph showing the half-maximal inhibition concentrations calculated for each peptide’s
inhibition curve. Figure 2C shows the results of an ELISA-type assay of the binding of
increasing concentrations of sarcosine variants to purified MPO. The data shown are the
means of n = 3 independent experiments £ SEM. Figure 2D is a graph showing the half-

maximal binding concentrations calculated for each peptide’s binding curve.
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[0011] Figures 3A-3H show the results of an assay of sarcosine variant peptides for their
ability to protect the MPO heme ring from oxidative degradation. The results are shown for
PA-dPEG24 (Fig. 3A), A2 (Fig. 3B), L3 (Fig. 3C), 14 (Fig. 3D), L5 (Fig. 3E), I8 (Fig. 3F),
C9 (Fig. 3G) and C9,10 (Fig. 3H). Absorbance spectra for the heme ring is shown in the
absence of hydrogen peroxide (MPO), in the presence of hydrogen peroxide (MPO+H203), in
the presence of peptide (MPO+A2), and in the presence of hydrogen peroxide and peptide

together (MPO+A2+H202). Peptides were tested at a concentration of 3.0 mM.

[0012] Figure 4 shows the results of sarcosine variant inhibition of oxidant activity in a Total
Antioxidant Capacity (TAC) assay. Antioxidant activity was measured in copper reducing
equivalents (CRE). Peptides were tested over a range of concentrations from 0.03-0.25 mM
then compared to the standard. The data shown are the means of n = 3 independent

experiments + SEM.

[0013] Figure 5A is a graph showing the results of an assay of the ability of sarcosine variant
peptides to inhibit NET formation. The graph shows sarcosine variant inhibition of free DNA
release by neutrophils as a marker of NETosis. Purified human neutrophils were stimulated
with 2% normal human sera pre-incubated with ovalbumin-antiovalbumin immune
complexes, and 0.05% H20:. Sarcosine peptides and PIC1 were added to the sera to a final
concentration of 2 mM. The data shown are the means of n = 3 independent experiments +

SEM.

[0014] Figure 5B shows the representative fluorescence microscopy images of NET
formation after neutrophil stimulation with immune complexes (IC) and hydrogen peroxide
(H202) (second row) compared with neutrophil only control (first row). The third row shows
inhibition of NET formation by treating neutrophils stimulated with IC and H20> with variant

I8. Histones are probed with anti-histone antibody (cthistone; left column), neutrophil
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elastase is probed with anti-neutrophil elastase (a¢NE; middle column) and DNA is stained

with DAPI (right column).

[0015] Figures 6A-6C illustrate data showing that human platelets sensitized with anti-
platelet antibody activate complement decreasing platelet survival. Human platelets were
sensitized with anti-platelet antibody (Ab) and incubated with normal human serum (NHS).
Increasing concentrations of the classical complement pathway inhibitor PA-dPEG24 (PIC1)
was added. Figure 6A shows the results of an assay in which C3 activation on the platelet
surface was measured by iC3b ELISA of stripped platelet membrane bound proteins. The
data shown are the means of n = 5 independent experiments £ SEM. Figure 6B shows the
results of an assay in which generation of the complement anaphylatoxin C5a was measured
in the supernatant by C5a ELISA. The data shown are the means of n = 4 independent
experiments + SEM. In Figure 6C, cell viability was measured by Presto Blue. The data

shown are the means of n = 6 independent experiments = SEM.

[0016] Figures 7A-7C show the results of assays of the viability of human platelets in rat
sera. Figure 7A shows the results of an assay in which human platelets were incubated with
increasing amounts of Wistar or Sprague Dawley (S-D) rat sera for 30 minutes, with cell
viability was measured with Presto Blue. The data shown are means of n = 3 independent
experiments + SEM. Figure 7B shows the results of an assay in which human platelets were
incubated with Wistar rat sera (NRS) or heat-inactivated Wistar rat sera (HeatedRS) for
increasing amounts of time, with Presto Blue used to assay for viability. The data shown are
means of n = 3 independent experiments £+ SEM. Figure 7C shows the results of an assay in
which human platelets were incubated with Wistar rat sera in increasing concentrations of

PA-dPEG24 (PIC1). The data shown are means of n = 3 independent experiments = SEM.

[0017] Figures 8A-8C are representative flow cytometry images shown for assays of human

platelets stained with PKH26. In Figure 8A, unstained human platelets assayed by flow
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cytometry. In Figure 8B, human platelets stained with PKH26 were assayed by flow
cytometry. In Figure 8C, stained and unstained human platelets were mixed in a 1:1 ratio,

and assayed by flow cytometry.

[0018] Figures 9A-9C are representative flow cytometry images shown for assays of PKH26-
stained human platelets transfused into a Wistar rat. In Figure 9A, a pre-transfusion blood
sample (T = 0) was assayed by flow cytometry. In Figure 9B, a blood sample drawn 0.5
minutes after platelet transfusion (T = 0.5) was assayed by flow cytometry. In Figure 9C,

blood drawn two minutes after platelet transfusion was assayed by flow cytometry.

[0019] Figure 10 shows histological visualization of transfused PKH26 stained platelets via
fluorescence microscopy. PKH26 stained platelets were transfused (top row). Rats were
sham transfused (bottom row). Representative fluorescence microscopy images of the liver

and spleen are shown.

[0020] Figure 11 shows the results of a flow cytometry assay of PKH26-stained human
platelets transfused into Wistar rats, with or without PA-dPEG24 (PIC1). PA-dPEG24 (160
mg/kg) was infused 30 seconds prior to transfusion with stained human platelets. Rats
received a transfusion of 1x10® stained human platelets. Blood samples were drawn pre-
transfusion (T = 0), at 0.5 minutes after platelet transfusion (T = 0.5) or 2 minutes (T = 2)

after platelet transfusion. Representative flow cytometry images are shown.

[0021] Figures 12A-12B show the results of an in vivo platelet survival assay in the presence
of complement inhibition with PA-dPEG24. PA-dPEG24 (PIC1) at 160 mg/kg was infused
30 seconds prior to platelet transfusion. In Figure 12A, PKH26 stained human platelets
(1x10®) were transfused and blood draws were obtained over time. The percentage of stained
human platelets relative to the total number of platelets in the blood sample was assayed by

flow cytometry. The data shown are the means of n = 4 rats in each group + SEM. In Figure
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12B, unstained human platelets (1x108) were transfused and blood draws were obtained over
time. The total number of platelets in the blood samples was measured by a commercial

vendor. The change in total platelet count over time is shown relative to the absolute platelet
count for each rat 0.5 minutes after platelet transfusion. The data shown are the mean for n=

4 rats in each group + SEM.

[0022] Figure 13 is a graph showing the degree of hemolysis of erythrocytes in a subject’s
plasma in a complement-permissive buffer in the presence of increasing concentrations of
PIC1 (PA-dPEG24) The data show means of (n=3) independent experiments and the

standard error of the mean (SEM).

Summary of the Invention

[0023] In one aspect is provided a method for inhibiting an immune response to transfused
platelets in a subject, the method comprising the steps of: a) administering a classical
complement pathway inhibitor to a subject in need thereof; and b) transfusing platelets to the

subject.

[0024] In another aspect is provided a method for inhibiting refractoriness to platelets in an
alloimmunized subject, the method comprising the steps of: a) treating platelets with a

classical complement pathway inhibitor; and b) transfusing the treated platelets to the subject

[0025] In another aspect is provided a method of preventing platelet refractoriness in a
subject receiving platelets from an antigenically mismatched donor, the method comprising
administering a classical complement pathway inhibitor to the subject before the platelets are

transfused to the subject.

[0026] In another aspect is provided a method of preventing platelet refractoriness in a

subject receiving platelets from an antigenically mismatched donor, the method comprising
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the steps of: a) treating platelets with a classical complement pathway inhibitor; and b)

transfusing the treated platelets to the subject.

[0027] In various embodiments of the above aspects, the method is effective to increase
survival of the transfused platelets in the subject. In various embodiments, the method is
effective to reduce complement-mediated attack of the transfused platelets in the subject. In
various embodiments, the method is effective to increase survival of the transfused platelets

in the subject.
[0028] In some embodiments, the subject is human.

[0029] In some embodiments, the complement mediated inhibitor is a PIC1 peptide. In some
embodiments, the PIC1 peptide comprises an amino acid sequence at least 85% identical to
any one of SEQ ID NOS: 1-45. In certain embodiments, the PIC1 peptide comprises an

4,5,6,9

? ? ? ? ?

amino acid sequence at least 85% identical to any one of SEQ ID NOS: 3 10, 19,
and 29. In certain embodiments, the PIC1 peptide comprises the amino acid sequence of any
one of SEQ ID NOS: 3,4, 5,6,9, 10, 19, and 29. In certain embodiments, the PIC1 peptide
comprises the amino acid sequence of SEQ ID NO: 3. In certain embodiments, the PIC1
peptide comprises the amino acid sequence of SEQ ID NO: 4. In certain embodiments, the
PICI1 peptide comprises the amino acid sequence of SEQ ID NO: 5. In certain embodiments,
the PIC1 peptide comprises the amino acid sequence of SEQ ID NO: 6. In certain
embodiments, the PIC1 peptide comprises the amino acid sequence of SEQ ID NO: 9. In
certain embodiments, the PIC1 peptide comprises the amino acid sequence of SEQ ID NO:
10. In certain embodiments, the PIC1 peptide comprises the amino acid sequence of SEQ ID

NO: 19. In certain embodiments, the PIC1 peptide comprises the amino acid sequence of

SEQ ID NO: 29.
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[0030] In another aspect is provided a blood product for transfusion into a recipient, where
the blood product comprises platelets and a classical complement pathway inhibitor. In some
embodiments, the complement mediated inhibitor is a PIC1 peptide. In some embodiments,
the PIC1 peptide comprises an amino acid sequence at least 85% identical to any one of SEQ
IDNOS: 3,4,5,6,9, 10, 19, and 29. In some embodiments, the PIC1 peptide comprises the
amino acid sequence of any one of SEQ ID NOS: 3,4, 5, 6,9, 10, 19, and 29. In certain
embodiments, the PIC1 peptide comprises the amino acid sequence of SEQ ID NO: 3. In
certain embodiments, the PIC1 peptide comprises the amino acid sequence of SEQ ID NO: 4,
In certain embodiments, the PIC1 peptide comprises the amino acid sequence of SEQ ID NO:
5. In certain embodiments, the PIC1 peptide comprises the amino acid sequence of SEQ ID
NO: 6. In certain embodiments, the PIC1 peptide comprises the amino acid sequence of SEQ
ID NO: 9. In certain embodiments, the PIC1 peptide comprises the amino acid sequence of
SEQ ID NO: 10. In certain embodiments, the PIC1 peptide comprises the amino acid
sequence of SEQ ID NO: 19. In certain embodiments, the PIC1 peptide comprises the amino

acid sequence of SEQ ID NO: 29.

[0031] In another aspect is provided a method of treating delayed hemolytic transfusion
reaction (DHTR) in a subject. The method comprises administering a therapeutically

effective amount of a classical complement pathway inhibitor to the subject.

[0032] In some embodiments, the classical complement pathway inhibitor is administered
parenterally. In some embodiments, the classical complement pathway inhibitor is
administered intravenously. In various embodiments, the subject is human. In some
embodiments, the complement mediated inhibitor is a PIC1 peptide. In some embodiments,
the PIC1 peptide comprises an amino acid sequence at least 85% identical to any one of SEQ
IDNOS: 3,4,5,6,9, 10, 19, and 29. In some embodiments, the PIC1 peptide comprises the

amino acid sequence of any one of SEQ ID NOS: 3, 4, 5, 6,9, 10, 19, and 29. In certain
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embodiments, the PIC1 peptide comprises the amino acid sequence of SEQ ID NO: 3. In
certain embodiments, the PIC1 peptide comprises the amino acid sequence of SEQ ID NO: 4.
In certain embodiments, the PIC1 peptide comprises the amino acid sequence of SEQ ID NO:
5. In certain embodiments, the PIC1 peptide comprises the amino acid sequence of SEQ ID
NO: 6. In certain embodiments, the PIC1 peptide comprises the amino acid sequence of SEQ
ID NO: 9. In certain embodiments, the PIC1 peptide comprises the amino acid sequence of
SEQ ID NO: 10. In certain embodiments, the PIC1 peptide comprises the amino acid
sequence of SEQ ID NO: 19. In certain embodiments, the PIC1 peptide comprises the amino

acid sequence of SEQ ID NO: 29.

Detailed Description of the Invention

[0033] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art. Although methods and
materials similar or equivalent to those described herein can be used in the practice or testing

of the present invention, suitable methods and materials are described below.

[0034] The term “inhibition” refers to the reduction in the biological function of an enzyme,
protein, peptide, factor, byproduct, or derivative thereof either individually or in complexes;
reduction in the quantity of a biological protein, peptide, or derivative thereof whether in vivo
or in vitro; or interruption of a biological chain of events, cascade, or pathway known to
comprise a related series of biological or chemical reactions. The term “inhibition” may thus
be used, for example, to describe the reduction of quantity of a single component of the
complement cascade compared to a control sample, a reduction in the rate or total amount of
formation of a component or complex of components, or the reduction of the overall activity
of a complex process or series of biological reactions leading to such outcomes as cell lysis,
formation of convertase enzymes, formation of complement-derived membrane attack

10
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complexes, inflammation, or inflammatory disease. In an in vitro assay, the term “inhibition”
may refer to the measurable reduction of some biological or chemical event, but the person of
ordinary skill in the art will appreciate that the measurable reduction need not be total to be

“inhibitory.”

[0035] The term “PIC1” refers to a peptide comprising the polar assortant (PA) sequence of
TALILEPICCQERAA (SEQ ID NO: 1), as well as peptides comprising the same amino acid
sequence but with modifications such as PEGylation. The term “PIC1 variant™ refers to
peptides comprising a sequence that is at least 85% identical, or at least 90% identical, or at
least 95% identical, or at least 99% identical, but not 100% identical, to the PA sequence of
IALILEPICCQERAA (SEQ ID NO: 1). PIC1 variants may comprise peptides with at least
one of the amino acids of the PA sequence deleted. PIC1 variants may comprise peptides
with an amino acid inserted into the PA sequence. PIC1 variants may comprise peptides with
at least one of the amino acids of the PA sequence substituted with another amino acid, such

as alanine, a modified amino acid or an amino acid derivative, such as sarcosine (Sar).

[0036] The term “subject” as used herein means any subject for whom diagnosis, prognosis,
or therapy 1s desired. For example, a subject can be a mammal, e.g., a human or non-human
primate (such as an ape, monkey, orangutan, or chimpanzee), a dog, cat, guinea pig, rabbit,

rat, mouse, horse, cattle, or cow.

[0037] The term “therapeutically effective amount™ as used herein refers to the total amount
of each active component that is sufficient to show a meaningful patient benefit. The
therapeutically effective amount of the peptide compound varies depending on several
factors, such as the condition being treated, the severity of the condition, the time of
administration, the route of administration, the rate of excretion of the compound employed,
the duration of treatment, the co-therapy involved, and the age, gender, weight, and condition
of the subject, etc. One of ordinary skill in the art can determine the therapeutically effective

11
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amount. Accordingly, one of ordinary skill in the art may need to titer the dosage and modify

the route of administration to obtain the maximal therapeutic effect.

[0038] As used herein, “treat,” “treating,” or “treatment™ refers to administering a therapy in
an amount, manner (e.g., schedule of administration), and/or mode (e.g., route of
administration), effective to improve a disorder (e.g.. a disorder described herein) or a
symptom thereof, or to prevent or slow the progression of a disorder (e.g., a disorder
described herein) or a symptom thereof. This can be evidenced by, e.g., an improvement in a
parameter associated with a disorder or a symptom thereof, e.g., to a statistically significant
degree or to a degree detectable to one skilled in the art. An effective amount, manner, or
mode can vary depending on the subject and may be tailored to the subject. By preventing or
slowing progression of a disorder or a symptom thereof, a treatment can prevent or slow
deterioration resulting from a disorder or a symptom thereof in an affected or diagnosed

subject.

[0039] In one aspect is provided a method of inhibiting inflammation in a subject comprising
administering a therapeutically effective amount of PIC1, or a PIC1 variant, to the subject. In
another aspect is provided a method of treating an inflammatory disorder in a subject
comprising administering a therapeutically effective amount of PIC1, or a PIC1 variant, to
the subject. In a related aspect is provided a PIC1 or PIC1 variant for use in a method of
treating and/or preventing inflammation in a subject. The method comprises administering to
the subject in need thereof a composition comprising a therapeutically effective amount of

the PIC1 or the PIC1 variant.

[0040] Examples of PIC1 and PIC1 variants include, but are not limited to, the peptides listed

in Table 1.

Table 1.

12
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Peptide name Peptide sequence

PA IALILEPICCQERAA (SEQID NO: 1)
PA-I1Sar (Sar)ALILEPICCQERAA (SEQ ID NO: 2)
PA-A2Sar [(Sar)LILEPICCQERAA (SEQ ID NO: 3)
PA-L3Sar [A(Sar)ILEPICCQERAA (SEQ ID NO: 4)
PA-I4Sar TAL(Sar)LEPICCQERAA (SEQ ID NO: 5)
PA-L5Sar [ALI(Sar)EPICCQERAA (SEQ ID NO: 6)
PA-E6Sar [ALIL(Sar)PICCQERAA (SEQ ID NO: 7)
PA-P7Sar [ALILE(Sar)ICCQERAA (SEQ ID NO: 8)
PA-I8Sar IALILEP(Sar)CCQERAA (SEQ ID NO: 9)
PA-C9Sar TALILEPI(Sar)CQERAA (SEQ ID NO: 10)
PA-C10Sar TALILEPIC(Sar)QERAA (SEQ ID NO: 11)
PA-Q11Sar ALILEPICC(Sar)ERAA (SEQ ID NO: 12)
PA-E12Sar TALILEPICCQ(Sar)RAA (SEQ ID NO: 13)
PA-R13Sar [ALILEPICCQE(Sar)AA (SEQ ID NO: 14)
PA-Al4Sar TALILEPICCQER(Sar)A (SEQ ID NO: 15)
PA-Al5Sar TALILEPICCQERA(Sar) (SEQ ID NO: 16)

dPEG24-PA-dPEG24

dPEG24-IALILEPICCQERAA-JPEG24 (SEQID
NO: 17)

dPEG24-PA dPEG24-IALILEPICCQERAA (SEQ ID NO: 18)
PA-dPEG24 TALILEPICCQERAA-dPEG24 (SEQ ID NO: 19)
PA-dPEG20 IALILEPICCQERAA-dPEG20 (SEQ ID NO: 20)
PA-dPEGI6 TALILEPICCQERAA-dPEG16 (SEQID NO; 21)
PA-dPEGI2 TALILEPICCQERAA-dPEG12 (SEQ ID NO: 22)
PA-dPEGOS IALILEPICCQERAA-dPEG08 (SEQ ID NO: 23)
PA-dPEG06 TALILEPICCQERAA-dPEG06 (SEQ ID NO: 24)
PA-dPEG04 IALILEPICCQERAA-dPEG04 (SEQ ID NO: 25)
PA-dPEG03 IALILEPICCQERAA-dPEG03 (SEQ ID NO: 26)
PA-dPEG02 TALILEPICCQERAA-dPEG02 (SEQ ID NO: 27)

PA-C9SarC10A

TALILEPI(Sar)AQERAA (SEQ ID NO: 28)

PA-C9SarD10

TALILEPI(Sar)QERAA (SEQ ID NO: 29)

13
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PA-P7SarC9Sar TALILE(SanI(Sar)CQERAA (SEQ ID NO: 30)
PA-E6Sar-dPEG24 IALIL(Sar)PICCQERAA-dPEG24 (SEQ ID NO: 31)
PA-Q11Sar-dPEG24 TALILEPICC(Sar)ERAA-dPEG24 (SEQ ID NO: 32)
PA-R13Sar-dPEG24 TALILEPICCQE(Sar)AA-dPEG24 (SEQ ID NO: 33)
PA-A14Sar-dPEG24 TALILEPICCQER(Sar)A-dPEG24 (SEQ ID NO: 34)
E6SarP7Sar TALIL(Sar)(Sar)ICCQERAA (SEQ ID NO: 35)
E6SarC9Sar [ALIL(Sar)PI(Sar)CQERAA (SEQ ID NO: 36)
QI1SarP7Sar TALILE(Sar)ICC(Sar)ERAA (SEQ ID NO: 37)
Q11SarC9Sar TALILEPI(Sar)C(Sar)ERAA (SEQ ID NO: 38)
R13SarP7Sar TALILE(Sar)ICCQE(San)AA (SEQ ID NO: 39)
R13SarC9Sar TALILEPI(Sar)CQE(Sar)AA (SEQ ID NO: 40)
Al4SarP7Sar [TALILE(Sar)ICCQER(Sar)A (SEQ ID NO: 41)
Al14SarC9Sar TALILEPI(Sar)CQER(Sar)A (SEQ ID NO: 42)
E6AE12A-dPEG24 TALILAPICCQARAA-dPEG24 (SEQ ID NO: 43)
E6AE12ACY9Sar [ALILAPI(Sar)CQARAA (SEQ ID NO: 44)
EG6AE12AP7Sar TALILA(Sar)ICCQARAA (SEQ ID NO: 45)

[0041] In some embodiments, PIC1 comprises one or more PEG moieties. The PEG
moieties may be attached to the N-terminus, the C-terminus, or both the N-terminus and C-
terminus by PEGylation. In one or more embodiments, 24 PEG moieties are attached to the
N-terminus. In one or more embodiments, 24 PEG moieties are attached to the C-terminus.
In one or more embodiments, 24 PEG moieties are attached to the N-terminus and to the C-
terminus. In one or more embodiments, 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, or 24 PEG moieties are attached to the N-terminus. In one or more

embodiments, 1,2.3.4.5,.6,7.8.9

2 2 2 2 2 2 2 2 2 2

10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, or
24 PEG moieties are attached to the C-terminus. In one or more embodiments, 1, 2, 3, 4, 5, 6,
7.8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 PEG moieties are attached

to both the N-terminus and the C-terminus.
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[0042] The PIC1 peptide may be a synthetic peptide. A synthetic peptide is prepared in vitro.
Synthetic peptides can be prepared according to various methods known in the art. For
example, a synthetic peptide can be prepared by sequentially coupling individual amino acids
to form the peptide. In some embodiments, the carboxyl group of individual amino acids is
sequentially coupled to the amino terminus of a growing peptide chain. Protecting groups
can be used to prevent unwanted side reactions from occurring during the coupling process.

Peptide synthesis can occur in liquid phase or in solid phase.

[0043] Exemplary PIC1 peptides include, but are not limited to, PA-dPEG24 (a peptide
comprising the polar assortant (PA) sequence and 24 PEG moieties at the C-terminus), PA-
dPEG20 (comprising 20 PEG moieties at the C-terminus), PA-dPEG16 (comprising 16 PEG
moieties at the C-terminus), PA-dPEG12 (comprising 12 PEG moieties at the C-terminus),
PA-dPEGO8 (comprising 8 PEG moueties at the C-terminus), PA-dPEGO6 (comprising 6
PEG moieties at the C-terminus), PA-dPEG04 (comprising 4 PEG moieties at the C-
terminus), PA-dPEG03 (comprising 3 PEG moieties at the C-terminus), and PA-dPEG02

(comprising 2 PEG moieties at the C-terminus).

[0044] PIC1 peptides can inhibit the classical pathway of complement by binding and
blocking activation of the initiating component of the cascade, C1. PA-dPEG24 is a 15-
amino acid PEGylated peptide in the PIC1 family. pA-dPEG24 comprises the sequence of
SEQ ID NO: 19. PA-dPEG24 can inhibit immune complex-initiated complement activation
as well as inhibit NET formation. PA-dPEG24 can consistently inhibit complement activation
by a variety of immune complexes and can also inhibit NET formation initiated by several

stimuli.

[0045] Described herein are sarcosine substitution variants that were soluble in water without
requiring PEGylation. These sarcosine substitution variants include peptides comprising an
amino acid sequence of any one of SEQ ID NOS: 3,4, 5, 6, 9, 10 and 29. The examples

15



WO 2020/168036 PCT/US2020/018045

provided herein show that substitution with sarcosine of the isoleucine at position eight
vielded a soluble peptide that surpassed the parent molecule for complement inhibition and
myeloperoxidase inhibition. Substitution with sarcosine of the cysteine at position nine
improved solubility, but did not otherwise change the functional characteristics compared
with the parent compound. However, replacement of both vicinal cysteine residues at
positions 9 and 10 with a single sarcosine residue reduced functional activity in most of the

assays tested.

[0046] Several of the sarcosine PIC1 variants described herein have improved solubility as
well as a number of unanticipated structure-function findings that provide new insights.
Several sarcosine substitution variants demonstrate increased potency over the parent peptide,
which may provide for increased therapeutic potential for inflammatory disease processes

involving complement, myeloperoxidase, NETs or oxidant stress.

[0047] Without wishing to be bound by theory, sarcosine residues are frequently used in
medicinal chemistry due to the favorable solubility profile, reduction in the number of intra-
or inter- molecular hydrogen bonds due to absence of the proton from the NH group and
potential alteration of neighboring residues due to changes in the ¢, \ torsion angles resulting
in increased steric constraints [16]. Sarcosine substitution of the relatively hydrophobic
alanine, leucine and isoleucine amino acids at positions 2-5 and position 8§ can greatly
improve solubility by decreasing the overall hydrophobicity of the peptide. Unexpectedly,
data provided herein shows that sarcosine substitution of cysteine at position 9, but not at
position 10, also improved solubility as did substitution of both vicinal cysteines (C9,10) with
a single sarcosine. Without wishing to be bound by theory, cysteine residues are uncharged
and relatively polar. The observation that solubility is enhanced with sarcosine substitution at

position 9, both positions 9 and 10, but not at position 10, suggests that solubility can be
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affected by altering the conformation of the peptide rather than just by modifying overall

hydrophobicity.

[0048] Also described herein is a method for inhibiting an immune response to transfused
platelets in a subject, said method comprising the steps of: a) administering a classical
complement pathway inhibitor to a subject in need thereof; and b) transfusing platelets to the
subject. The classical complement pathway inhibitor can be a peptide comprising the
sequence of any of SEQ ID NOS: 1-45, e.g., peptides comprising the sequence of any of SEQ
ID NOS: 3,4,5,6,9,10, 19 and 29. The complement pathway inhibitor may be
administered before the transfusion, during the transfusion (e.g., as part of the transfused
platelets), or after the transfusion. The complement pathway inhibitor may be administered
one hour before the transfusion, 20-40 minutes before the transfusion, 10-20 minutes before
the transfusion, 1-10 minutes before the transfusion, about one minute before the transfusion,
one minute before the transfusion, or less than one minute before the transfusion. The
complement pathway inhibitor may be administered one hour after the transfusion, 20-40
minutes after the transfusion, 10-20 minutes after the transfusion, 1-10 minutes after the
transfusion, about one minute after the transfusion, one minute after the transfusion, or less

than one minute after the transfusion.

[0049] Also described herein is a method for inhibiting refractoriness to platelets in an
alloimmunized subject, comprising the steps of: a) treating platelets with a classical
complement pathway inhibitor; and b) transfusing the treated platelets to the subject. The
classical complement pathway inhibitor can be a peptide comprising the sequence of any of
SEQ ID NOS: 1-45, e.g., peptides comprising the sequence of any of SEQ IDNOS: 3,4, 5,6

2 2 2

9,10, 19 and 29.

[0050] Also described herein is a method of preventing platelet refractoriness in a subject
receiving platelets from an antigenically mismatched donor, the method comprising
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administering a classical complement pathway inhibitor to the subject before the platelets are
transfused to the subject. The classical complement pathway inhibitor can be a peptide
comprising the sequence of any of SEQ ID NOS: 1-45, e.g., peptides comprising the
sequence of any of SEQ IDNOS: 3, 4,5,6,9,10, 19 and 29. The complement pathway
inhibitor may be administered one hour before the transfusion, 20-40 minutes before the
transfusion, 10-20 minutes before the transfusion, 1-10 minutes before the transfusion, about
one minute before the transfusion, one minute before the transfusion, or less than one minute

before the transfusion.

[0051] Also described herein is a method of preventing platelet refractoriness in a subject
receiving platelets from an antigenically mismatched donor, the method comprising the steps
of’ a) treating platelets with a classical complement pathway inhibitor; and b) transfusing the

treated platelets to the subject.

[0052] In experiments described herein, an ex vivo system is used to demonstrate that human
platelets sensitized with anti-platelet antibodies initiate complement activation, resulting in
decreased cell viability. It is shown that most of the sensitized platelet initiated complement
activation occurs via the classical pathway. Additionally, classical pathway inhibitors can

protect antibody-sensitized platelets from human sera complement-mediated killing.

[0053] Wistar rat sera contain natural antibodies that initiate complement-mediated lysis of
human A or AB type erythrocytes [31]. Without wishing to be bound by theory, Wistar rat
sera may also cause complement-mediated killing of human platelets, demonstrating that
human platelets are incompatible in Wistar rat sera. Complement-mediated destruction of
human platelets via Wistar rat sera occurs largely via the classical pathway. Described herein
is a new animal model of platelet refractoriness utilizing human platelets transfused into
Wistar rats. PKH26-stained human platelets transfused into Wistar rats were measurable by
flow cytometry, though such platelets have a short circulating half-life consistent with
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immune incompatibility. A classical pathway complement inhibitor, PA-dPEG24, was

effective to briefly increase the numbers of circulating incompatible platelets.

[0054] In one aspect is provided a method of treating DHTR in a subject comprising
administering a therapeutically effective amount of PIC1, or a PIC1 variant, to the subject.
The method comprises administering to the subject in need thereof a composition comprising

a therapeutically effective amount of the PIC1 or the PIC1 variant.

[0055] Described herein for the first time is the use of a complement inhibitor can treat,
ameliorate or otherwise moderate the progression of DHTR. Without wishing to be bound by
theory, hemolysis in DHTR may involve antibody-Fc receptor interactions that lead to
phagocytosis [35]. PIC1 peptides can inhibit the classical pathway of complement by binding
and blocking activation of the initiating component of the cascade, C1. One exemplary PIC1
peptide is PA-dPEG24, a 15-amino acid PEGylated peptide. PA-dPEG24 can consistently
inhibit complement activation by a variety of immune complexes. PA-dPEG24 can also

inhibit NET formation initiated by several stimuli.

[0056] In a related aspect is provided a PIC1 or PIC1 variant for use in a method of treating
and/or preventing DHTR in a subject. The method comprises administering to the subject in
need thereof a composition comprising a therapeutically effective amount of the PIC1 or the

PIC1 variant.

[0057] In some embodiments, the PIC1 is administered after the subject is administered the

blood transfusion and before any symptoms of DHTR.

[0058] Without wishing to be bound by theory, antibody-mediated activation of the
complement system is directed by the classical complement pathway in which the initiating
complex, C1, is bound by IgM or multiple IgG triggering activation and downstream effector

functions (i.e., C3a, C5a and membrane attack complex formation). PIC1 peptide inhibitors
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of the classical complement pathway can bind C1q, the recognition molecule of the C1
complex, to prevent antibody-mediated activation. PA-dPEG24 (IALILEPICCQERAA-
dPEG24 (SEQ ID NO: 19)) has been demonstrated to inhibit classical pathway activation
both in vitro and in vivo when administered intravascularly into rats where it can achieve

>90% systemic inhibition of complement activation by 30 seconds.

[0059] In some embodiments, a classical complement pathway inhibitor is used to treat

active hemolysis in a patient suffering a delayed hemolytic transfusion reaction.

Examples

[0060] The present invention is also described and demonstrated by way of the following
examples. However, the use of this and other examples anywhere in the specification is
illustrative only and in no way limits the scope and meaning of the invention or of any
exemplified term. Likewise, the invention is not limited to any particular preferred
embodiments described here. Indeed, many modifications and variations of the invention
may be apparent to those skilled in the art upon reading this specification, and such variations
can be made without departing from the invention in spirit or in scope. The invention is
therefore to be limited only by the terms of the appended claims along with the full scope of

equivalents to which those claims are entitled.

[0061] The following Materials and Methods section applies to Examples 1-6 below. In
these examples, sarcosine substitution variants were synthesized, evaluated for solubility in
water, and then tested in standard complement, myeloperoxidase, NET formation and

antioxidant capacity assays.
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Materials and Methods for Examples 1-6

[0062] Blood from healthy donors was obtained with written consent under an Eastern
Virginia Medical School IRB approved protocol, 02-06-EX 0216. Blood was used for the

preparation of reagents: purified platelets, erythrocytes and neutrophils.
Reagents

[0063] PA-dPEG24 (IALILEPICCQERAA-dPEG24 or PIC1) was manufactured by
PolyPeptide Group (San Diego, CA) to > 95% purity verified by HPLC and mass
spectrometry analysis. Lyophilized PA-dPEG24 was solubilized in 0.05 M Histidine buffer
and pH adjusted to 6.7. Sarcosine substitution derivative peptides and the base peptide
IALILEPICCQERAA (PA) were svnthesized by New England Peptide (Gardner, MA) to
>90% purity. Sarcosine variants and PEG were dissolved in water and the pH was adjusted
with NaOH. PA was dissolved in DMSO and then brought up to the final concentration with
water resulting in 30% DMSO and pH adjusted. Antibody sensitized sheep erythrocytes
(EA), purified C1q and factor B-depleted human sera were purchased from Complement
Technology (Tyler, TX). Purified myeloperoxidase was purchased from Lee BioSolutions
(Maryland Heights, MO) and tetramethylbenzidine (TMB) and PicoGreen were purchased

from Thermo Fisher (Waltham MA).

[0064] The peptides shown in Table 2, including sixteen sarcosine substitution variants, were

synthesized.

Table 2. Peptide designations and sequences.

Name Sequence SEQ ID NO:
PA-dPEG24
H2N-IALILEPICCQERAA-dPEG24 19
(PIC1)
PA H2N-IALILEPICCQERAA-OH 1
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I H2N-(Sar)ALILEPICCQERAA-OH 2
A2 H2N-I(Sar)LILEPICCQERAA-OH 3
L3 H2N-TA(Sar)ILEPICCQERAA-OH 4
14 H2N-IAL(Sar)LEPICCQERAA-OH 5
LS H2N-IALI(Sar)EPICCQERAA-OH 6
E6 H2N-IALIL(Sar)PICCQERAA-OH 7
P7 H2N-IALILE(Sar)ICCQERAA-OH 8
I8 H2N-TALILEP(Sar)CCQERAA-OH 9
9 H2N-TALILEPI(Sar)CQERAA-OH 10
C10 H2N-IALILEPIC(Sar)QERAA-OH 11
9,10 H2N-IALILEPI(Sar)QERAA-OH 29
Q11 H2N-TIALILEPICC(Sar)ERAA-OH 12
E12 H2N-IALILEPICCQ(Sar)RAA-OH 13
R13 H2N-IALILEPICCQE(Sar)AA-OH 14
Al4 H2N-TIALILEPICCQER(Sar)A-OH 15
AlS H2N-TALILEPICCQERA(Sar)-OH 16
Buffers

[0065] Complement permissive GVBS*™ buffer comprising veronal buffered saline, 0.1%

gelatin, 0.15 mM CaClz, and 1 mM MgCl2 was prepared [12]. Complement inhibitory buffer

GVBS™ ™ comprising veronal-buffered saline with 0.1% gelatin and 10mM EDTA was

prepared.

Pooled Normal Human Serum (NHS)

[0066] Pooled normal human serum (NHS) was prepared as previously described [12].

Blood from at least 4 healthy human donors was collected in Vacutainer tubes without

additives (red top). The blood was allowed to sit for 30 minutes at room temperature and 2
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hours on ice so as to clot the blood and separate the serum. The sera were then pooled,

aliquoted and frozen at -80°C.
Hemolytic assays of complement activity

[0067] For hemolytic complement assays, human red blood cells (RBCs) from type AB
donors were purified, washed and standardized to 1 x 10° cells/ml, as previously described
[13]. Human sera from type O donors at a 20% final concentration was combined with 1 mM
PIC1 or sarcosine variant peptides, and the volume was brought up to 0.15 ml with GVBS™
and 0.5 ml RBCs. For factor B-depleted sera hemolytic assays, a final of 0.005% factor B
depleted sera was incubated with 1 mM PIC1 or sarcosine variant peptides with 0.1 ml
antibody-sensitized sheep red blood cells (EA) in a final volume of 0.75 ml GVBS'". The
samples were incubated for one hour at 37°C. Then, 1.0 ml of GVBS " was added to the
factor B-depleted samples to stop the reaction. The samples were spun at 3,000 rpm for 5
minutes. The supernatant was then collected and read at 412 nm. An analysis was performed
to represent the values as a percent of the positive control, which consists of human O sera

and AB red blood cells in GVBS ™ buffer.
MPO activity assay

[0068] PIC1 and sarcosine variants were diluted to 25 mg/ml and then serially titrated in a 96
well plate at a volume of 0.02 ml. Myeloperoxidase (MPO) was diluted to 20 pg/ml and 0.02
ml was added to the titrated peptides. TMB (3,3".5,5 -tetramethyibenzidine ) (0.1 ml) was
added to each well for 2 minutes, followed by 0.1 ml of 2.5 N H2SO4 for another 2 minutes,

and then read on a 96 well plate reader (BioTek) at 450 nm.
Cl1q and MPO binding assays

[0069] An Immunlon-2 HB ELISA plate was coated with 1 pg/ml C1q or MPO in

bicarbonate buffer overnight at 4°C. The plates were washed with PBST (phosphate buffered
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saline + 0.1% Tween) and then blocked with 1% gelatin/PBS for 2 hours at room
temperature. After washing, the plates were incubated with PA or sarcosine variant peptides
starting at 2.5 mg/ml and then serially diluted in 1 % gelatin/PBS for 1 hour at room
temperature. After washing, the plates were probed with rabbit anti-PA (developed with
Cocalico Biologicals, Reamstown, PA) at 1:1000 in 1 % gelatin/PBS for 1 hour, room
temperature, followed by a goat anti-rabbit HRP (Sigma Aldrich, St Louis, MO) at 1:1,000 in
1% gelatin/PBS for 1 hour at room temperature with a washing step in between. Wells were
developed using TMB substrate solution, stopped using 1 N H2SO4, and read at 450 nm in a

plate reader.
MPO heme ring oxidative degradation

[0070] In a 96 well plate, 0.025 ml of 1.7 mg/ml MPO was combined with 0.00125 ml of
0.5% H202 and 3 mM PIC1 or sarcosine variant peptides in a total volume of 0.125 ml PBS
and left to incubate at room temperature for 2 minutes. Using a 96 well plate reader, the
wells were scanned for absorbance from 300 — 550 nm to generate curves reflecting the iron

state in the MPO heme ring, as previously reported [14].
Total Antioxidant Capacity assay

[0071] The TAC (Total Antioxidant Capacity) Assay (Cell Biolabs, Inc, San Diego, CA) was
used to measure the antioxidant capacity of the sarcosine variants based on the reduction of
copper (IT) to copper (I). The assay was performed according to the recommended kit

protocol.
NETosis assay

[0072] NETosis assays with immune complexes were performed as previously described [9].
Briefly, normal human serum was stimulated with ovalbumin-antiovalbumin immune

complexes in GVBS'" for 30 minutes at 37°C. This mixture along with 0.05% H202 was
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then added to purified human neutrophils resuspended in RPMI with or without sarcosine
variants (2 mM), allowing NETosis to occur. Quantitation of free DNA released from the
neutrophils was performed using PicoGreen. Slides were stained with DAPI (Southern

Biotech, Birmingham, AL). The following antibodies were used to visualize formation of

NETs:

(1) mouse anti-elastase (Invitrogen, Carlsbad, CA) as a primary antibody with
the secondary goat anti-mouse antibody Alexa Fluor 568 (Novus Biologicals, Centennial,

CO) and

(11) rabbit anti-histone H3 (Abcam, Cambridge MA) with goat anti-rabbit

antibody Alexa Fluor 488 (Novus Biologicals).

Fluorescence microscopy using an Olympus BX53 microscope was performed to visualize

NETs.
Statistical analysis

[0073] Quantitative data were analyzed determining means, standard error (SEM), and

Student’s t-test [15] using Excel (Microsoft, Redmond, WA).
Example 1: Peptide solubility

[0074] To evaluate the influence of sarcosine residues on the solubility and biological
function of the base peptide IALILEPICCQERAA (PA), peptide derivatives were
synthesized with sarcosine residues substituted at all 15 positions. Also included is a peptide
in which the vicinal cysteines at positions 9 and 10 (C9,C10) were replaced with a single
sarcosine residue. The peptides are shown in Table 2. An assay of the water-solubility of
each peptide was performed, with the results shown in Table 3. Substitution of sarcosine at

positions A2, L3, 14, L5, I8, C9 and C9,10 resulted in peptides soluble in water. Due to their
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enhanced solubility in the absence of PEGylation, these peptides were selected for further

evaluation of the various biological activities.

Table 3. Results of water-solubility assay of peptides

SEQ ID H.O
Name Sequence NO: Soluble
PA-dPEG24
H2N-IALILEPICCQERAA-dPEG24 19 No
(PIC1)
PA H2N-TALILEPICCQERAA-OH 1 No
I H2N-(Sar)ALILEPICCQERAA-OH 2 No
A2 H2N-I(Sar)LILEPICCQERAA-OH 3 Yes
L3 H2N-IA(Sar)ILEPICCQERAA-OH 4 Yes
14 H2N-IAL(Sar)LEPICCQERAA-OH 5 Yes
L5 H2N-TALI(Sar)EPICCQERAA-OH 6 Yes
E6 H2N-IALIL(Sar)PICCQERAA-OH 7 No
P7 H2N-IALILE(Sar)ICCQERAA-OH 8 No
I8 H2N-IALILEP(Sar)CCQERAA-OH 9 Yes
9 H2N-TIALILEPI(Sar)CQERAA-OH 10 Yes
C10 H2N-IALILEPIC(Sar)QERAA-OH 11 No
9,10 H2N-IALILEPI(Sar)QERAA-OH 29 Yes
Q11 H2N-TIALILEPICC(Sar)ERAA-OH 12 No
E12 H2N-IALILEPICCQ(Sar)RAA-OH 13 No
R13 H2N-IALILEPICCQE(Sar)AA-OH 14 No
Al4 H2N-IALILEPICCQER(Sar)A-OH 15 No
Al5 H2N-TIALILEPICCQERA(Sar)-OH 16 No

Example 2: Complement inhibition assays of peptide variants
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[0075] An evaluation of the extent to which the peptide variants inhibit antibody-initiated
complement activation was performed. The peptide variants were tested in the following two
hemolytic assays: (i) an ABO incompatibility ex vivo assay and (ii) a classical pathway

CHS50-type assay in factor B-depleted sera.

[0076] In the ABO incompatibility hemolytic assay, purified erythrocytes from a ‘type AB+’
donor were incubated with sera from a ‘type O’ subject containing anti-A and anti-B
antibodies; peptides were tested at 1.8 mM. The data are shown in Figure 1A. Variants A2,
I4, 18 and C9 each inhibited ABO incompatible hemolysis to a greater extent than did the PA-
dPEG24 (PIC1) parent compound on an equimolar basis (P < 0.015). The I8 variant
decreased ABO hemolysis by 53% (P < 0.002) more than PA-dPEG24. The C9,10 variant,

however, showed minimal inhibition of ABO hemolysis.

[0077] A CH50-type hemolytic assay was then performed. with antibody-sensitized sheep
erythrocytes, isolating the classical pathway by utilizing factor B-depleted sera; peptides were
tested at 0.4 mM. The data are shown in Figure 1B. In this assay the I8 variant demonstrated
superior activity inhibiting hemolysis 75% (P < 0.001) more than PA-dPEG24. Other
peptides demonstrated similar inhibition of the classical complement pathway compared with

PA-dPEG24 with the exception of C9,10, which again showed minimal activity.

[0078] An ELISA-type assay of peptide variant binding to C1q was then performed in which
Clq was used as the capture substrate. Binding curves for each peptide are shown in Figure
1C. From these binding curves, half-maximal binding concentrations were calculated, as
shown in Figure 1D. These binding curves and half-maximal binding calculations
demonstrate that I8 and PA (the parent peptide) both yield superior binding to Clq as
compared with the other peptides. However, PA has poor aqueous solubility, such that PA
needs to be initially solubilized in DMSO and then diluted into an aqueous buffer. Higher
concentrations of DMSO interfere with the detecting reagents resulting in a partial binding
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curve. The superior Clq binding of I8 correlates with superior inhibition of complement
mediated hemolysis. Overall, the I8 variant shows superior inhibition of antibody-initiated

complement activation and hemolysis compared with PA and other peptide variants.

Example 3: Myeloperoxidase inhibition and binding

[0079] Inhibition of myeloperoxidase (MPO) activity when then tested in a TMB-based in
vitro assay, as previously described for PA-dPEG24 [7]. In this assay, the variants were
tested for MPO inhibition over a range of concentrations. The data is shown in Figure 2A.
Strong MPO inhibition was found for all variants with the exception of the no-cysteine
variant (C9,10). Half-maximal inhibition values were calculated from the dose-response
curves for each variant, with the data shown in Figure 2B. There were measurable
differences in MPO inhibition, with variant I8 again showing the greatest potency among the

different variants.

[0080] A plate-based assay was performed to test the binding of the peptide variants to solid
phased MPO. The binding curves are shown in Figure 2C. MPO binding was identified for
all variants, except for C9,10. Due to the near complete overlay of the I8 and PA curves, the
PA curve is not shown in the graph. Half-maximal binding concentrations were calculated
from these curves, with the results shown in Figure 2D. 18 demonstrated superior binding to
MPO, as compared with the other sarcosine variants. This result is consistent with the

increased MPO inhibition identified by the dose-response data above.

Example 4: Protection of the MPO heme ring from degradation

[0081] The ability of the variants to prevent degradation of the heme ring in the MPO
molecule was then evaluated. Because MPO produces hypochlorous acid in the presence of
chloride and hydrogen peroxide, the hypochlorous acid will degrade the heme ring, as

previously shown for PA-dPEG24 [8]. Degradation of the heme ring can be evaluated via
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spectrometric measurements of absorption of wavelengths from 300 to 550 nm. Absorption
measurements were conducted over this spectrum for all variants, with the data for each
variant shown in Figures 3A-3H. All peptides showed some inhibition of heme ring
degradation with near perfect preservation of the heme ring absorption spectrum for the I8
and C9 variants, as shown in Figures 3F and 3G. The heme ring preservation for these two
variants was greater than that for the PA-dPEG24 peptide (Figure 3A). The C9,10 variant
also showed inhibition of heme ring degradation (Figure 3H), suggesting a mechanism of
protection other than inhibition of MPO peroxidase activity, which the C9,10 variant does not

possess (as shown in Figure 2A).

Example 5: Antioxidant capacity assays

[0082] Antioxidant capability for the variants in a Total Antioxidant Capacity (TAC) assay
was tested, as previously described for PA-dPEG24 [10]. Antioxidant activity was measured
in copper reducing equivalents (CRE). Peptides were tested over a range of concentrations
from 0.03-0.25 mM then compared to the standard. The results are shown in Figure 4. The
variants showed differing total antioxidant capacity, with L3, 14 and I8 demonstrating
antioxidant capacity approaching that of PA-dPEG24 (PIC1). The C9,10 no-cysteine variant

demonstrated no antioxidant capacity.

Example 6: NETosis inhibition

[0083] The peptide variants were tested for inhibition of NETosis. In this assay, purified
human neutrophils were stimulated with normal human serum activated with ovalbumin-
antiovalbumin immune complexes and hydrogen peroxide. Free DNA expressed from the
neutrophils was then measured in a PicoGreen assay. The results are shown in Figure SA. In
this assay multiple variants including A2, L3, L5, I8 and C9 demonstrated similar ability to

inhibit NETosis compared with PA-dPEG24, as shown in the graph of Figure 5SA. 14
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demonstrated a reduced ability to inhibit NETosis compared with PA-dPEG24 and 9,10
showed only slight inhibition relative to the negative control (buffer). These results show
that many of the sarcosine variant peptides are able to inhibit NETosis to baseline values of
free DNA from unstimulated neutrophils. Direct visualization of neutrophil extracellular trap
(NET) formation by fluorescence microscopy was used to confirm the above NETosis results
with the I8 variant. Human neutrophils were purified and stimulated on glass slides then
stained with DAPI to visualize DNA and probed with anti-neutrophil elastase (aNE) and
anti-histone H3 (chistone), as previously described [9]. Unstimulated neutrophils showed no
evidence of NETs (Figure 5B, first row), neutrophils stimulated with ovalbumin-
antiovalbumin immune complexes and hydrogen peroxide showed many NETs (Figure 5B,
second row) and neutrophils stimulated with immune complexes in the presence of PA-
dPEG24 showed a dramatic reduction in NETs (Figure 5B, third row). Fluorescence
microscopy visualization of NETs confirmed the findings seen for quantitative measurements

of free DNA.
[0084] The properties of the tested peptides are summarized in Table 4.

Table 4: Summary of Peptide Properties

Assay PA- A2 L3 14 LS I8 C9 9,10
dPEG24

ABO C’ -+ -+ -+ -+ - | 0
inhibition

Classical C° ++ ++ ++ ++ +H+ | | 0
inhibition

MPO inhibition +++ | | =+ | | 0
NETosis +H+ +H+ | | HH | | +
inhibition

Heme ring ++ ++ ++ +++ 4| | ++
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protection

Total ++++ ++ ++ | ++ +++ | ++ 0
Antioxidant Cap

* previously published

ND =not done
[0085] An unanticipated finding is that the I8 variant is superior to the parent compound, PA-
dPEG24, in most of the anti-inflammatory assays tested. Without wishing to be bound by
theory, the Clq binding for I8 is slightly superior to that of PA-dPEG24 and may be driving

enhanced inhibition of C1 activation.

[0086] Also unanticipated is that the C9 variant performed almost identically to the parent
compound, PA-dPEG24, in terms of complement inhibition, despite the loss of one of the two
cysteine amino acids. In the total antioxidant capacity assay, C9 had approximately half of
the antioxidant capacity as PA-dPEG24, commensurate with having half as many cysteines.
In the complement inhibition assays where no cysteines were present (variant C9,10) most,
but not all, complement inhibition was lost. Host complement inhibitors are typically cysteine
rich [17]. Together these findings suggest that the cysteines contribute to complement

inhibition, but do not account for the entirety of complement inhibition for these peptides.

The following Materials and Methods section applies to Examples 7-11 below.
Materials and Methods for Examples 7-11
Ethics Statement

[0087] Blood from healthy donors was obtained with written consent under an Eastern
Virginia Medical School IRB approved protocol, 02-06-EX 0216. Blood was used for the

preparation of reagents: purified platelets and normal human sera.
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Reagents

[0088] PIC1 (IALILEPICCQERAA-dPEG24) was manufactured by PolyPeptide Group (San
Diego, CA) to > 95% purity verified by HPLC and mass spectrometry analysis. Lyophilized
PIC1 was solubilized in a 0.05 M Histidine buffer pH 6.7. Platelet-sensitizing antibody was
obtained from Tissue for Research LTD (Suffolk, United Kingdom) in the form of immune
thrombocytopenic purpura (ITP) patient sera. PrestoBlue® Cell Viability Reagent was
manufactured by Life Technologies (Eugene, Oregon). PKH26 Red Fluorescent Cell Dye

was manufactured by Sigma-Aldrich (St. Louis, MO).
Buffers

[0089] Complement permissive GVBS' buffer comprising veronal buffered saline, 0.1%
gelatin, 0.15 mM CaClz, and 1 mM MgClz was prepared [12]. Complement inhibitory buffer
GVBS™~ comprising veronal-buffered saline with 0.1% gelatin and 10mM EDTA was

prepared.

Pooled Normal Human Serum (NHS)

[0090] Pooled normal human serum (NHS) was prepared as previously described [12].
Rat sera

[0091] Rat sera was purchased from Innovative Research (Peary Court, Novi, MI).
Human platelet purification

[0092] Platelets were purified from multiple healthy human donors in order to ensure
reproducibility across human donors. Peripheral blood (8 mL) from healthy volunteers was
drawn directly into Vacutainer (BD, Franklin Lakes, NJ) sterile collection tubes containing
acid citrate dextrose (ACD) and used within 3 hours of collection. After adding additional

250ul ACD, the blood was centrifuged at a sequence of 500xg, 100xg and 800xg for 5
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minutes each at 22°C, with supernatant collected and transferred to a new tube after each
spin. The purified platelets were then washed with GVBS ™", then saline, followed by a final

resuspension in GBVS*,
Platelet staining

[0093] For in vitro experiments, platelets were stained with PrestoBlue Cell Viability
Reagent as per manufacturer’s recommendations. For in vivo experiments, platelets were

stained with PKH26 Red Fluorescent Cell Dye as per manufacturer’s recommendations.
In vitro complement and platelet studies

[0094] For experiments sensitizing platelets with human anti-platelet antibody, purified
platelets were treated with 4% ITP sera for 15 minutes at 30°C before adding 2% normal
human complement sufficient sera and incubating for 30 minutes at 37°C. For samples
containing PIC1, sera and PIC1 were pre-incubated for 5 minutes before combining with
sensitized platelets. Samples were then spun and supernatant was removed for C3a analysis
by ELISA. A C5a ELISA kit (R&D Systems) was used per manufacturer’s instructions. The
cells were washed once with GVBS™™ and once with water to lyse the platelets. The
remaining cell pellet was treated with 25mM methylamine for 1 hour at 37°C, spun, and the
supermatant was analyzed for iC3b by ELISA. The ELISA for iC3b was performed as
previously described, utilizing a goat anti-human C3 antibody (Complement Technology,
Tyler, TX) for capture, a mouse anti-human 1C3b antibody (Quidel, San Diego, CA) for

probing, and a goat anti-mouse HRP (Sigma-Aldrich, St Louis, MO) for detection [30].

[0095] For experiments using rat sera, purified platelets were incubated with 5% Wistar rat
sera at different time points (5 min, 20 min and 60 min) in a 37°C bath. Thereafter, GVBS "
was added to the mixture and this was spun at 500g for 5 min at 22°C. After resuspending

with 250ul of PBS, PrestoBlue was added to the cells at a 1:10 dilution and incubated in a
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37°C water bath for 30 min. The cells were then plated and read on a microplate reader at
530 nm. With the addition of PIC1 to sera, there was a preincubation time of 5 minutes

before addition of platelets.
Animal experiments

[0096] Male Wistar rats approximately 16 weeks old and 250 grams in weight were
purchased (Hilltop Scottdale, PA) with indwelling intra jugular catheters in place. Rats were
sedated with ketamine and acepromazine throughout the course of the experiment with
monitoring of vital signs. PIC1 infusions were performed 30 seconds prior to transfusion
with PKH26 stained human platelets. Blood samples were collected into KhEDTA
microtainer tubes (BD, Franklin Lakes, NJ, USA) from the animals prior to transfusion and
then at 0.5, 2, 5, 20, 60 and 120 min after transfusion. Upon completion of the final blood
draw, the animals were euthanized using Fatal Plus (Vortech Pharmaceuticals, Dearborn, MI,

USA). A necropsy was completed after euthanasia to collect organs for histopathology.
Flow cytometry

[0097] Flow cytometry was performed using a FACSCalibur flow cytometer (Becton
Dickinson, Franklin Lakes, NJ, USA) with DXP 8 Color 488/637/407 upgrade (Cytek
Development, Freemont, CA, USA). The data was acquired using Cytek FlowJo CE version
7.5.110.7. Prior to analysis on the flow cytometry machine, whole rat blood was spun at
500xg for 5 min. The plasma platelet layer was removed and then diluted 1:10 with PBS.
Approximately 20,000 events selected for platelet size were run on the FlowJo machine.

Data was analyzed using FlowJo V10.4.2 (FlowJo LLC, Ashland, OR, USA).
Stained platelet organ histology

[0098] Liver and spleen were recovered after euthanasia, fixed in formalin and sectioned for

histology slides. Slides were visualized with a fluorescence microscope.
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Statistical analysis

[0099] Quantitative data were analyzed determining means, standard error (SEM), and

Student’s t-test using Excel (Microsoft, Redmond, WA) [15].
Example 7: Human sera complement attack of antibody-sensitized human platelets

[0100] In order to elucidate the extent to which antibody-sensitized platelets can activate
complement ex vivo experiments with purified human platelets and pooled normal human
sera (NHS) were performed as follows. Without wishing to be bound by theory, in clinical
medicine platelet refractoriness is commonly associated with the presence of anti-platelet
antibodies. In these experiments I'TP sera antibodies were utilized for sensitizing the

platelets.

[0101] Human platelets were incubated with sensitizing antibody, NHS, or both. Increasing
concentrations of PA-dPEG24 (PIC1) were added in the presence of sensitizing antibody and
NHS. Complement attack of the platelets and cell viability were assayed. C3 is the central
component of the complement activation cascades. The C3 fragment iC3b is an opsonin that
contributes to phagocytosis. C3 activation on the platelet surface was assayed by 1C3b
ELISA of stripped platelet membrane bound proteins, with the data shown in Figure 6A. The
experiment involved an iC3b assay of (i) platelets alone, (ii) platelets with sensitizing
antibody, (ii1) platelets with NHS, (iv) platelets with both sensitizing antibody and NHS, and
(v) platelets with sensitizing antibody, NHS, and increasing amounts of PIC1. The results
indicate antibody-initiated classical complement pathway-mediated attack. Increasing
concentrations of PA-dPEG24 decreased iC3b opsonization of the platelets in a dose-
dependent manner. At 0.8 mM PA-dPEG24, iC3b was bound to platelets at a level similar to

that of the background level measured for sensitizing antibody alone.
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[0102] Plasma recovered from these experiments was then assayed for the pro-inflammatory
anaphylatoxin C5a by ELISA. The data is shown in Figure 6B. As with bound 1C3b, C5a
generation was markedly increased for platelets incubated in the presence of sensitizing
antibody and NHS compared with either alone. Increasing concentrations of PA-dPEG24
dose-dependently inhibited C5a generation. Significant inhibition of C5a generation

occurred at the 1.5 mM (P =0.028) and 3.0 mM (44% decrease, P = 0.006).

[0103] Cell viability of the platelets was measured by utilizing the vital dye, Presto Blue.

The data 1s shown in Figure 6C. Platelet viability dose-dependently increased with increasing
concentrations of PA-dPEG24 in the presence of sensitizing antibody and NHS, as compared
with platelets incubated with sensitizing antibody and NHS only. Significant increases in
platelet viability occurred at the 1.5 mM (P = 0.031) and 3.0 mM (53% increase, P = 0.003)
concentrations of PA-dPEG24. These results suggest that anti-platelet antibodies may
activate complement, leading to opsonization, anaphylatoxin generation and decreased cell
viability. These effects can be largely reversed in the presence of a classical complement

pathway inhibitor,
Example 8: Rat sera complement attack of antibody-sensitized human platelets

[0104] In order to translate our ex vivo findings into an animal model of platelet
refractoriness, the extent to which human platelets activate complement in rat sera was
assayed. A previously developed allogeneic erythrocyte transfusion model of acute
hemolytic transfusion reaction (AHTR) was used for the assay [29]. In this model, natural
antibodies preexisting in Wistar rat plasma were directed against human erythrocytes, leading
to complement-mediated hemolysis as well as extravascular removal of transfused human
ervthrocytes. Also in this model, complement inhibition increased the number of circulating
transfused erythrocytes for a period of time [29, 31]. In order to evaluate the extent to which
rat sera could decrease human platelet viability, human platelets were incubated in increasing
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concentrations of rat sera from Wistar or Sprague Dawley rats. The data is shown in Figure
7A. Cell viability was assayed with the vital dye Presto Blue. As rat sera concentration
increased, the number of viable human platelets dramatically decreased such that after

incubation in 10% sera for 30 minutes, only 25% or fewer platelets were viable (P < 0.02).

[0105] Wistar rat sera complement-mediated killing of human platelets was then tested in a
time course experiment. The data are shown in Figure 7B. Heat-inactivated rat sera was
used as a control to isolate the complement-mediated effect on platelet viability. The number
of viable platelets was assayed with Presto Blue in 5% complement-sufficient rat sera. The
number of viable platelets decreased by nearly 50% in the first 5 minutes, and remained
steady at later time points. These data suggest that the complement-mediated decrease in
platelet viability occurs very quickly, likely reflecting complement-mediated cell lysis. At
five minutes, a two-fold decrease in platelet viability was seen for human platelets in
complement-sufficient rat sera, as compared with heat-inactivated rat sera (P = 0.01). These

data demonstrate that the complement system in rat sera can rapidly kill human platelets.

[0106] In order to evaluate the extent to which rat sera killing of human platelets is mediated
by the classical pathway of complement, we utilized PA-dPEG24. In vitro experiments with
human platelets and rat sera were performed as described above including incubations in sera
with increasing concentrations of PA-dPEG24. The data are shown in Figure 7C. Viability
was assayed with Presto Blue vital dye, with results showing a dose-dependent improvement
in platelet viability with increasing doses of PA-dPEG24. PA-dPEG24 improved survival for
human platelets in rat sera for all doses tested compared to control, platelets in normal rat
sera (P <0.017). Together these data suggest that human platelets in rat sera will experience

decreased viability much of which can be reversed by complement inactivation or inhibition.

Example 9: Flow cytometry assays of PKH26 stained platelets
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[0107] A previously reported method for staining platelets with PKH26 was optimized and
used to assay transfused platelets in rat blood samples [32]. PKH26 has been used to stain
human erythrocytes prior to transfusion into Wistar rats, followed by measuring the
persistence of erythrocytes in circulation by flow cytometry [31]. As shown in the data of
Figure 8A, unstained purified human platelets demonstrated a typical distribution with low
background signal by flow cytometry at 530/30 nm. In Figure 8B, PKH26 stained purified
human platelets showed peak signal intensity approximately 10* greater than background.
The stained and unstained platelets were mixed in a 1:1 ratio. As shown in Figure 8C, the
flow cytometry histogram showed good separation of the peaks and similar area under the
curve. These results indicate that the optimized method of PKH26 staining of human

platelets yields reliable flow cytometry data after transfusion.
Example 10: Pilot transfusion of PKH26 stained platelets

[0108] A pilot study to evaluate whether PKH26 stained human platelets could be measured
in post-transfusion blood samples was performed on six rats with indwelling jugular
catheters. Three rats received 1x10% PKH26 stained human platelets IV. Three rats received
sham transfusions. Blood samples were obtained prior to transfusion (T =0) and at 0.5, 2, 5,
20, 60 and 120 minutes after transfusion. Blood was collected into pediatric K2EDTA vials
then diluted with saline and analyzed by flow cytometry. Only a minimal stained platelet
signal was detected for the T = 0 sample, as shown in Figure 9A. At 0.5 minutes after
transfusion the PKH26 stained platelets were detectable at the correct fluorescence intensity,
as shown in Figure 9B. The stained platelets measured approximately 5% of the total number
of platelets in the blood samples at the 0.5 minute time point for each of the three transfused
rats. At two minutes after transfusion the signal from the PKH26 stained platelets was

decreased, but still measurable above background, as shown in Figure 9C. At later time
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points, the flow cytometry detection of stained platelets in the blood samples continued to

decline.

[0109] The data indicate that transfusions with 1x10% PKH26 stained human platelets IV can
yield detectable signal by flow cytometry. The number of transfused human platelets that
remain in the rat blood stream decreased rapidly over time, consistent with immunological

incompatibility.

[0110] It was then evaluated whether the PKH26 transfused platelets could be identified in
the liver and spleen of the rats by fluorescence microscopy. The liver and spleen were
recovered after euthanasia, fixed with formalin and sectioned by standard methods. The
PKH26 stained platelets were easily visualized in the liver (as shown in Figure 10A) as well
as in the spleen (as shown in Figure 10B), where distribution in the red pulp was evident.

These results suggest a robust extravascular removal of platelets in this model.
Example 11: Complement inhibition and transfusion of incompatible platelets

[0111] A classical complement pathway inhibitor PA-dPEG24 was used to evaluate whether
inhibition of the classical complement pathway could affect the number of transfused
incompatible platelets in the blood stream. PA-dPEG24 can increase the numbers of
incompatible transfused erythrocytes in the bloodstream in a rat model of AHTR. As shown

in Figure 6C, PA-dPEG24 can increase survival of human platelets in rat sera.

[0112] Transfusions were performed with PKH26 stained human platelets as described above
after infusion of (1) PA-dPEG24 or (i1) a saline vehicle control. Figure 11 shows
representative flow cytometry measurements selected for platelets at 0, 0.5 and 2 minutes
after transfusion for rats treated with PA-dPEG24 (PIC1) or saline control. The unstained
native rat platelets are to the left of the vertical line, and the stained transfused platelets are to

the right. At 0.5 minutes after transfusion, increased numbers of stained transfused platelets
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are seen for the PA-dPEG24 treated animal, as compared with the animal receiving vehicle.

This difference is not noticeable at two minutes.

[0113] The compiled data for these experiments in Figure 12A shows a 2-fold increase (P =
0.05) in transfused platelets at 0.5 minutes for animals receiving PA-dPEG24 compared with
control, with no significant difference in the amount of transfused platelets at later time
points. Total platelet counts for rats transfused with unstained platelets treated with PIC1 or
saline control (as shown in Figure 12B) were evaluated in order to evaluate if similar trends
could be determined for unstained platelets. Platelet counts were measured for each blood
sample by Antech Diagnostics (Chesapeake, VA). Decreases in platelet counts were
calculated for each time point compared with the maximal platelet count immediately after
transfusion at 30 seconds. Statistically significant greater decreases in the platelet count were
found for saline-treated versus P A-dPEG24-treated animals at two minutes (P = 0.04) and 20
minutes (P = 0.03). These results suggest that human platelets transfused into Wistar rats can
vield a platelet-refractory phenotype and that transfused platelet survival can be briefly

increased with classical complement inhibition.

Example 12: PIC1 for treatment of a delayed hemolytic transfusion reaction

[0114] A 14-year old with sickle cell disease received a pRBC (packed Red Blood Cell)
transfusion for vaso-occlusive disease and acute chest syndrome. Eight days after
transfusion, she suffered worsening extremity pain that was followed by new onset of fever,
hypertension and respiratory decompensation. Her hemoglobin decreased from 7.6 to 5.0
g/dL overnight consistent with a delayed hemolytic transfusion reaction. She subsequently
survived an eight-day ICU stay requiring multiple pRBC transfusions and receiving multiple
immunomodulators including methylprednisolone, IVIg (intravenous immunoglobulin),

eculizumab, rituximab and tocilizumab. In order to better understand her disease process, the
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patient’s erythrocytes and plasma were analyzed in hemolytic assays in the presence or

absence of a classical complement pathway inhibitor, PIC1 (PA-dPEG24).

[0115] Discarded de-identified blood was obtained from routine medical management blood
draws from the patient prior to treatment with eculizumab. Hemolytic complement assays
utilizing the patient’s plasma and erythrocytes in complement permissive buffer (GVBS™) or
complement inhibitory buffer (GVBS™") were performed in the presence of increasing
concentrations of PA-dPEG24. Complement permissive GVBS™ buffer is veronal-buffered
saline with 0.1% gelatin, 0.15 mM CaClz, and 1 mM MgCl2[11]. Complement inhibitory
buffer GVBS™ " 1s a veronal-buffered saline with 0.1% gelatin and 10mM EDTA.
Approximately 5 x 107 washed erythrocytes were incubated with 20% plasma in a reaction

volume of 0.15 ml for 1 hour at 37°C.

[0116] Erythrocytes were sedimented by centrifugation at 1,500 x g for 5 minutes and the
supernatant was then recovered. The supernatant was measured on a Bio Tek Synergy HT
plate reader spectrophotometer for absorption at 412 nm. Hemolysis was measured by

quantitation of free hemoglobin on the spectrophotometer at 412 nm.

[0117] The patient’s plasma caused hemolysis of her erythrocytes in complement permissive
buffers, demonstrating complement-mediated hemolysis (Figure 1). Addition of PIC1
showed a statistically significant dose-dependent decrease of hemolysis. At higher doses,

PIC1 inhibited hemolysis to the background signal.

[0118] For this patient with sickle cell disease and DHTR, complement-mediated hemolysis
of her erythrocytes by her plasma was demonstrated ex vivo. The complement-mediated
hemolysis was completely blocked at higher doses with a classical complement pathway

inhibitor, PICI.
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[0119] The above data show that a classical complement pathway inhibitor can be used to
treat active hemolysis in a patient suffering a delayed hemolytic transfusion reaction.
Additionally, this data demonstrates that complement-mediated hemolysis plays a significant

role in DHTR pathogenesis.
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CLAIMS
1. A method for inhibiting an immune response to transfused platelets in a subject, said

method comprising the steps of:

a) administering a classical complement pathway inhibitor to a subject in need

thereof; and

b) transfusing platelets to the subject.

2. A method for inhibiting refractoriness to platelets in an alloimmunized subject,

comprising the steps of:

a) treating platelets with a classical complement pathway inhibitor; and

b) transfusing the treated platelets to the subject.

3. A method of preventing platelet refractoriness in a subject receiving platelets from an
antigenically mismatched donor, the method comprising administering a classical

complement pathway inhibitor to the subject before the platelets are transfused to the subject.

4. A method of preventing platelet refractoriness in a subject receiving platelets from an

antigenically mismatched donor, the method comprising the steps of:

a) treating platelets with a classical complement pathway inhibitor; and

b) transfusing the treated platelets to the subject.

5. The method of any one of claims 1 to 4, wherein the method is effective to increase

survival of the transfused platelets in the subject.

6. The method of any one of claims 1 to 5, wherein the method is effective to reduce

complement-mediated attack of the transfused platelets in the subject.
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7. The method of any one of claims 1 to 6, wherein the method is effective to increase

survival of the transfused platelets in the subject.

8. The method of any one of claims 1 to 7, wherein the subject 1s human.

9. The method of any one of claims 1 to 7, wherein the complement mediated inhibitor

is a PIC1 peptide.

10.  The method of claim 9, wherein the PIC1 peptide comprises an amino acid sequence

at least 85% 1dentical to any one of SEQ ID NOS: 1-45.

11.  The method of claim 10, wherein the PIC1 peptide comprises an amino acid sequence

at least 85% 1dentical to any one of SEQ ID NOS: 3,4, 5,6

2 2 2 2

9,10, 19, and 29.

12, The method of claim 11, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 3.

13.  The method of claim 11, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 4.

14, The method of claim 11, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 5.

15, The method of claim 11, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 6.

16,  The method of claim 11, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 9.

17.  The method of claim 11, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 10.
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18.  The method of claim 11, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 19.

19.  The method of claim 11, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 29.

20. A blood product for transfusion into a recipient, wherein the blood product comprises

platelets and a classical complement pathway inhibitor.

21.  The blood product of claim 20, wherein the complement mediated inhibitor 1s a PIC1

peptide.

22.  The blood product of claim 21, wherein the PIC1 peptide comprises an amino acid

sequence at least 85% identical to any one of SEQ ID NOS: 3,4, 5, 6,9, 10, 19, and 29.

23.  The blood product of claim 22, wherein the PIC1 peptide comprises the amino acid

sequence of any one of SEQ ID NOS: 3,4, 5, 6, 9, 10, 19, and 29.

24.  The blood product of claim 23, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 3.

25.  The blood product of claim 23, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 4.

26.  The blood product of claim 23, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 5.

27.  The blood product of claim 23, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 6.

28.  The blood product of claim 23, wherein the PIC1 peptide comprises the amino acid
sequence of SEQ ID NO: 9.
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29.  The blood product of claim 23, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 10.

30.  The blood product of claim 23, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 19.

31.  The blood product of claim 23, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 29.

32. A method of treating delayed hemolytic transfusion reaction (DHTR) in a subject
comprising administering a therapeutically effective amount of a classical complement

pathway inhibitor to the subject.

33.  The method of claim 32, wherein the classical complement pathway inhibitor is

administered parenterally.

34, The method of claim 32 or claim 33, wherein the subject is human.

35.  The method of any one of claims 32 to 34, wherein the complement mediated

inhibitor 1s a PIC1 peptide.

36.  The method of claim 35, wherein the PIC1 peptide comprises an amino acid sequence

45,6

? 2 ? ?

at least 85% 1dentical to any one of SEQ ID NOS: 3 9,10, 19, and 29.

37.  The method of claim 36, wherein the PIC1 peptide comprises the amino acid

sequence of any one of SEQ ID NOS: 3,4, 5,6, 9

? ? 2 ? ?

10, 19, and 29.

38.  The method of claim 37, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 3.

39.  The method of claim 37, wherein the PIC1 peptide comprises the amino acid
sequence of SEQ ID NO: 4.
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40.  The method of claim 37, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 5.

41.  The method of claim 37, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 6.

42, The method of claim 37, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 9.

43, The method of claim 37, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 10.

44, The method of claim 37, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 19.

45, The method of claim 37, wherein the PIC1 peptide comprises the amino acid

sequence of SEQ ID NO: 29.
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 20/18045

Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:

|Z in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13zer. 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).
I:I on paper or in the form of an image file (Rule 13fer.1(b) and Administrative Instructions, Section 713).

2. I:I In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2019)
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 20/18045

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This intemmational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. [:] Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos..

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D4 claims Nos.: 619, 35-45
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group |, claims 1, 3, 5(in part), and 32-34, directed to a method for inhibiting an immune response to a transfusion, preventing platelet
refractoriness, or treating delayed hemolytic transfusion reaction (DHTR) in a subject comprising administering a classical complement
pathway inhibitor to the subject.

Group I, claims 2, 4 and 5(in part), directed to a method for inhibiting refractoriness to platelets in an alloimmunized subject comprising
treating platelets with a classical complement pathway inhibitor prior to transfusing the treated platelets to the subject.
*+***Continued in Supplemental Box*****

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1, 3, 5(in part), and 32-34

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 20/18045

A. CLASSIFICATION OF SUBJECT MATTER
IPC-  AB1P 37/02, A61P 37/06, A61K 38/16, A61K 45/06 (2020.01)

CPC - AB1P 37/02, A61K 38/162, A61K 38/1725

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X ~—{ YAZDY et al., Complement Inhibition with C1 Esterase Inhibitor Allowed Successful Transfusion | 1, 3, 5
of HLA Mismatched Platelets in a Transfusion Refractory Alloimmunized Patient: A Case
Report, 311. Disorders of Platelet Number or Function, Blood, 2017, Vol 130, Supplement 1, pp
4845, Entire document, especially abstract

X —{WARNER et al., Complement Inhibition with C1 Esterase Inhibitor Allowed Successful 32-34
Transfusion of Antigen Mismatched Packed Red Blood Cells: A Case Report, 401. BASIC
SCIENCE AND CLINICAL PRACTICE IN BLOOD TRANSFUSION: POSTER Il Blood, 2018,
Vol. 128, No. 22, pg 3843, Entire document, especially abstract

D Further documents are listed in the continuation of Box C. D See patent family annex.

* Special categories of cited documents: “T” later document published after the intqrna}iorial filing date or priority

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“E” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s} or which “Y” document of particular relevance; the claimed invention cannot
is cited to establish t qﬁpubhcanon date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“O” documentreferringto an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

“P” document published prior to the international filing date but later than  “&” document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
14 May 2020 (14.05.2020) 2 4 J U L 2020

Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee Young

P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300 Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)
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Continuation of Box No. lll Observations where unity of invention is lacking:

Group lll+, claims 20-31, directed to a blood product for transfusion into a recipient comprising a PIC1 peptide. Group Hi+ will be
searched upon payment of additional fees. The method may be searched, for example, to encompass the PIC1 peptide amino acid
sequence SEQ ID NO: 3 for an additional fee and election as such. It is believed that claims 20-24 read on this exemplary invention.
Additional PIC1 peptide(s) will be searched upon the payment of additional fees. Applicants must specify the claims that encompass any
additionally elected PIC1 peptide(s). Failure to clearly identify how any paid additional invention fees are to be applied to the"+" group(s)
will result in only the first claimed invention to be searched. Another exemplary election would be the PIC1 peptide amino acid sequence
SEQ ID NO: 4 (claims 20-23, 25).

The inventions listed as Groups |, Il and lil+ do not relate to a single special technical feature under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special technical features

Group | has the special technical feature of administering a classical complement pathway inhibitor to a subject in need thereof, that is
not required by Group |l or ll1+.

Group |l has the special technical feature of treating platelets with a classical complement pathway inhibitor, and transfusing the treated
platelets to the subject, that is not required by Group | or 11+,

Group HlI+ has the special technical feature of a blood product for transfusion into a recipient, that is not required by Group | or Il.

The inventions of Group lll+ each include the special technical feature of a unique PIC1 peptide amino acid sequence. Each amino acid
sequence encodes a unique PIC1 peptide, and is considered a distinct technical feature.

Common technical features

The inventions of Group |, Il and lll+ share the common technical feature of a method of preventing platelet refractoriness in a subject
receiving platelets from an antigenically mismatched donor, the method comprising contacting patient cells or donor platelets with a
classical complement pathway inhibitor and transfusing platelets to the subject.

No technical features are shared between the PIC1 peptide amino acid sequences of Group Ill+ and accordingly these groups lack unity
a priori.

Additionally, even if the inventions listed as Group IlI+ were considered to share the technical features of including: a blood product for
transfusion into a recipient, wherein the blood product comprises platelets and a classical complement pathway inhibitor, wherein the
complement mediated inhibitor is a PIC1 peptide, these shared technical features are previously disclosed by the prior art, as further
discussed below.

The feature shared by Groups |, Il and [11+ and the feature shared by the inventions listed as Group 11+ are taught by the article entitled
"Complement Inhibition with C1 Esterase Inhibitor Allowed Successful Transfusion of HLA Mismatched Platelets in a Transfusion
Refractory Alloimmunized Patient: A Case Report” by Yazdy et al., (Blood, 7 December 2017, Vol 130, Supplement 1, page 4845),
(hereinafter 'Yazdy'), in view of the article entitled "Complement Activation and STAT4 Expression Are Associated with Early
Inflammation in Diabetic Wounds" by Cunnion et al., (PloS One. 20 January 2017, Vol 12, No 1, e0170500), (hereinafter ‘Cunnion’).

Yazdy teaches a method of preventing platelet refractoriness in a subject receiving platelets from an antigenically mismatched donor,
the method comprising administering a classical complement pathway inhibitor to the subject before the platelets are transfused to the
subject (Abstract "Platelet (PLT) transfusion refractoriness (PTR) is defined as the recurrent failure to obtain a satisfactory response to
PLT transfusions from random donors...There are recent data suggesting that the destruction of PLT in PTR may be related to activation
of the classical pathway of complement by HLA alloantibodies bound to transfused PLT...Autoantibodies against PLT antigens have
been shown to trigger activation of complement via the classical pathway resulting in the deposition of complement on the platelet
surface. C1 esterase inhibitor (C1-INH) is one of the serine protease inhibitors and regulates the classical pathway of complement by
blocking C1 esterase and is approved by FDA for prophylactic and therapeutic use in hereditary angioedema...C1-INH has been
reported to resuit in immediate platelet count improvement in patients with refractory immune thrombocytopenia...We present the first
reported case utilizing prophylactic inhibition of complement with C1-INH prior to PLT transfusion in a highly alloimmunized patient. With
this strategy, the patient achieved clinically significant improvement in PLT response post transfusions. Furthermore, the mean of the
nadir PLT counts while on C1-INH were higher. These two findings are clinically important as studies have shown significant reduction in
spontaneous bleeding risk with PLT above 10 k/mcL. We hypothesize that inhibiting the activation of complement via the classical
pathway could potentially be effective in prevention of the destruction of transfused PLTs in patients who are PTR secondary to
alloimmunization.").

****Continued in Supplemental Box™****

Form PCT/ISA/210 (patent family annex) (July 2019)
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Yazdy further teaches a blood product for transfusion into a recipient, wherein the blood product comprises platelets (abstract "We
present the first reported case utilizing prophylactic inhibition of complement with C1-INH prior to PLT transfusion in a highly
alloimmunized patient. With this strategy, the patient achieved clinically significant improvement in PLT response post transfusions.”).
Yazdy fails to teach the blood product further comprising a classical complement pathway inhibitor, wherein the complement mediated
inhibitor is a PIC1 peptide.

Yazdy does teach wherein inhibitors of the classical complement pathway are administered prior to transfusion of the platelets, and
continuing after transfusion in order to decrease rejection (Abstract "We present the first reported case utilizing prophylactic inhibition of
complement with C1-INH prior to PLT transfusion in a highly alloimmunized patient. With this strategy, the patient achieved clinically
significant improvement in PLT response post transfusions. Furthermore, the mean of the nadir PLT counts while on C1-INH were
higher. These two findings are clinically important as studies have shown significant reduction in spontaneous bleeding risk with PLT
above 10 k/mcL. We hypothesize that inhibiting the activation of complement via the classical pathway could potentially be effective in
prevention of the destruction of transfused PLTs in patients who are PTR secondary to alloimmunization.").

Cunnion teaches a peptide inhibitor of the classical complement pathway component C1 (PIC1) (pg 2, para 3 "Peptide Inhibitor of
Complement C1 (PIC1), is a peptide that inhibits enzymatic activation of the first component of the classical complement pathway C1").
Given that Yazdy teaches wherein the inhibition of complement component C1 results in a decrease in platelet refraction, it would have
been obvious to an artisan of ordinary skill in the art to experiment with administering the inhibitors in combination with the platelets to
determine their effectiveness in preventing platelet refractoriness in the subject when administered together.

Further, in view of Cunnion, it would have been obvious to an artisan of ordinary skill in the art to utilize a known inhibitor of C1, such as
the peptide taught by Cunnion, in order to have a platelet composition with decreased platelet refraction for therapeutic use.

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Group |, It and Ili+ inventions lack unity under PCT Rule 13 because they do not share the same or corresponding special
technical feature.

NOTE, continuation of item 4 above: claims 6-19, 35-45 are held unsearchable because they are dependent claims and are not drafted
in accordance with the second and third sentences of Rule 6.4(a).

Form PCT/ISA/210 (extra sheet) (July 2019)
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