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BESCRIPTION

COMPOSITIONS AND METHODS FOR PROLONGED CELL STORAGE

BACKGROUND OF THE INVENTION

This application claims the benefit of United States Provisional Patent Application No.

62/146,039, filed April 10, 2015, the entirety of which is incorporated herein by reference.

1. Field of the Invention
[0001] The present invention relates generally to the field of molecular biology and
medicine. More particularly, it concerns methods and compositions for prolonged storage of

platelets and other cell types.

2. Description of Related Art

[00602] Stored or donated blood platelets are very important for a variety of medical
interventions including, e.g., management of a variety of bleeding disorders by use of a platelet
transfusion procedure. For example, patients recetving chemotherapy require reliable platelets

transfusion support to prevent hemorrhagic death.

[0003] Platelets normally survive for 4 to S days on average in the circulation in vive,
and approximately 150 billion new platelets are produced per day in normal individuals. (Holm
S., 1998). Platelet dynamics can be summarized as follows. Adhesion: platelets stick on a
foreign surface. Activation: platelets interact with the surface and react to chemical signals.
Aggregation: chemical signals result in the release of von Willebrand factor, platelets change
shape, and attach or stick to each other to form a clot. Recruitment: activated platelets recruit
more platelets and thrombin to the clot. Retraction and wound repair: platelets mediate a
physical shrinkage of the clot which further limits bleeding and brings damaged vessel edges
in close contact facilitating local remodeling and repair. These properties of platelets are

discussed further in Yip ef a/., 2005.

[0004] Unlike essentially all other transplantable tissues, platelets do not tolerate
refrigeration and these actively metabolizing cells rapidly lose function at room temperature,
and even more quickly at 4°C (Egidi ef al,, 2010). Even brief periods of refrigeration can
render platelets dysfunctional, resulting in their rapid clearance from the circulation (Egidi ef
al., 20103, The mechanism underlying the ureversible cold intolerance of platelets is poorly

understood. It has been noted that platelets rapidly change shape at refrigeration temperatures.
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{Tablin er al.,, 1996, Zucker et al., 1954}, It has also been recognized that cholesterol levels can
impact platelet function, (Insel ef ¢/, 1978), and more recently that cold storage was sutficient

to activate the GP1 platelet receptor (Barkalo and Hartwig, 1995).

[0005] The resulting need to keep platelets at room temperature prior to transfusion has
imposed a unique set of costly and complex logistical requirements for platelet storage.
Because platelets are actively metabolic at room temperature, they require coustant agitation
in plastic containers permeable to oxygen and that allow release of evolved COZ to prevent the
toxic consequences of metabolic acidosis. Prolonged room temperature storage conditions
typically result in macromolecular degradation and eventual loss of hemostatic functions of
platelets, a set of defects known as "the storage lesion". {Thon ef /., 2008; Chernoff e7 o/,
19923 This loss of platelet function is a significant problem in platelet management. Further
problems can result from the negative feedback mechanism of platelets on platelet production.
Even dysfunctional platelets still possess the active enzyme that metabolizes thrombopoietin,
thus stored platelet products may both lack platelet function and still inhibit patient marrow

megakaryocytes from producing new platelets. (Sungaran ef al., 2000}

[66066] Current limutations in the duration for storage of the blood platelets can result
in increased blood banking expenses and significant platelet shortages. A large part of the
reason for this is that, under current conditions of storage, platelets loose function rapidly.
Current regulatory practices typically aliow the use of platelets for only up to § days following
coliection. Testing the donated platelets to confirm the absence of bacterial or certain viral
contamination problems may require up to a full day. Although there is an urgent medical
need for platelets, it 1s estimated that 30% must be discarded due to their limited functional
‘life span’ under current storage conditions. (Devine ef o/, 2010}, Random donor platelets
typically must be used within 5 days, and similarly apheresis units expire 24hr after processing
{Hogman ef al., 1992). Clearly, there is a need for improved compositions and methods for

storing platelets.
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SUMMARY OF THE INVENTION

[0008] The present invention overcomes lumitations tn the prior art by providing, in
various aspects, improved methods and compositions relating to platelet storage media and
methods for promoting prolonged storage and retention of platelet function. The platelet
storage media may include a polyethylene glycol (PEG), e.g., about 0.1-5.5% of a lower
molecular weight PEG {(e.g., about 100-500 ¢g/mol). In some embodiments, it is anticipated
that one or more of the tollowing cryoprotectants {(e.g., having a molecular weight of about
200-1000, or 200-500 g/mol) may be used in combination with, or may be substituted for, the
PEG in the media to promote prolonged platelet storage and/or retention of platelet function:
glycerol propoxylate {e.g., Ma ~266), trimethylolpropane ethoxylate {(e.g, Ma ~450),
pentaerythritol propoxylate, {e.g., Mn ~426}, or pentaerythritol ethoxylate, (e.g., Ma ~270).
Also provided are methods and compositions relating to improved platelet storage media. In
various embodiments, the stored platelets may be administered to a mammalian subject such
as a humans to mediate hemostasis or provide a therapeutic benefit. In some embodiments, the
platelet storage media may be used to umprove storage of other cell types {e.g., stem cells,
apheresis derived hematopoietic cells, sperm cells, hematopoietic stem cells, stem cells from
cord blood, pluripotent cells, multipotent cells, embryonic stem cells, induced pluripotent stem

cells) under refrigerated {e.g., about -5 °C) or freezing {e.g., -70 °C}) conditions.

[6009] As shown in the below examples, with standard conditions of rotation/mixing,
platelet function was observed to be preserved for 26 days at 5°C and 13 days under room
temperature (about ~22-24°C) without detectable loss of hemostatic function in the mouse
using platelet storage media comprising particular compositions of a lower molecular weight
PEG (e.g., PEG-400). These results provide a significant improvement over currently used
storage conditions, where platelets are derived trom donor biood but must be discarded after 5
days of room temperature storage (Devine ef o/, 2010). Thus, in contrast to the current thisty
percent of platelets that are discarded due to age of the donated platelets, the longer lifespan of
platelets preserved with PEG in various embodiments of the present invention may be used to
reduce or eliminate the current wastage of donated platelets. The reduced metabolism observed
in cells at refrigeration terperatures should improve or facilitate transport of platelet units and
assist with logistics of platelet supply. Cold storage (e.g., storage at 0-10 °C) may be able to
provide a significant advantage by reducing microbial growth. Currently, a costly and time

consuming process is used to monitor all transfused platelets for microbial contamination. It



10

20

30

WO 2016/164693 PCT/US2016/026597

is envisioned that inclusion of a PEG in platelet storage media in combination with cold storage
conditions may be used to reduce or eliminate the need for contamination screening. It is also
envisioned that improved preserved platelet function that can be achieved using PEG
containing storage conditions and methods as described herein may allow for reduced amounts
of total platelets to be transfused to a patient in order to achieve a desired therapeutic response
or therapeutic platelet increment. In some embodiments, stored platelets may be used to treat

thrombocytopenia.

[3018] An aspect of the present invention relates to a method for preserving cells,
comprising: {a} admixing celis {e.g., platelets) with a cell media comprising a polvethylene
glycol having an average molecular weight of from 200 g/mol to less than 1000 g/mol in a
concentration of from about 0. 1% (wt/v} to less than 5.6 % (wi/v); and (b1) wherein if the cells
are platelets, then the method comprises storing the cell media comprising the platelets at a
temperature of from about 0.1 °C to about 25°C (e.g., from about 0.1 to about 15 °C, from
about 20°C to about 25°C);, (b2) wherein if the cells are stem cells, apheresis derived
hematopoietic cells, sperm cells, hematopoietic stem cells, stem cells from cord blood,
pluripotent cells, multipotent cells, embryonic stem cells, or induced pluripotent stem cells,
then the method comprises storing the cell media comprising the platelets at a temperature of
from about -157°C to about 15 °C; wherein the cells are platelets, stem cells, apheresis derived
hematopoietic cells, sperm cells, hernatopoietic stem cells, stern cells from cord blood,
pluripotent cells, multipotent cells, embryonic stem cells, or induced pluripotent cells. In some
embodiments, the method may involve admixing platelets with a cell media comprising a
polyethylene glycol having an average molecular weight of from 200 g/mol to less than 1000
g/mol in a concentration of from about 0.1% {wt/v) to less than 5.6 % {wt/v), wherein the
method comprises storing the cell media comprising the platelets at a temperature of from about
20°C to about 25°C. In some embodiments, by further including a cryoprotectant {e.g., glycerol
(e.g., 3-12%), DMSO (e.g., 0.5-7%)

or a poly~(PEG/PPEG) dertvative such as pentaervthritol]

ethoxylate) in the cell media, the cells may be stored at colder temperatures {e.g., about -5°C
to about 0.1°C, or -5, -4, -3, -2, -1, 0, 0.1°C, or any range derivable therein). In some
embodiments, the concentration of the polyethylene glycol is from about 1% to about 5%, from
about 1.1% to about 2.5%, or 0.1, 1, 1.5, 2,25,3,35,4,45,5,55, or 5.6%, or any range
derivable therein. In some embodiments, the cells are platelets, and wherein the method aliows
for storage of the platelets for more than S days without irreversible aggregation of the platelets.

in some embodiments, the method aliows for storage of the platelets for at least S-30 days
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without ureversible aggregation. The temperature may be from about 0.1-10 °C, or from about
0.1-5°C. In some embodiments, the cells are stem cells, apheresis derived hematopoietic cells,
sperm cells, hematopoietic stem cells, stem cells from cord blood, pluripotent cells, multipotent
cells, embryonic stem cells, or induced pluripotent cells; and wherein the temperature is from
about -70 °C to about 0°C. In some embodiments, the polyethylene glycol has an average
molecular weight of less than 500 g/mol, or fess than 420 g/mol. The polyethylene glycol may
be PEG-200, PEG-225, PEG-250, PEG-275, PEG-300, PEG-325, PEG-350, PEG-375, PEG-
400, PEG-425, PEG-450, PEG-475, or PEG-500. In some embodiments, the polyethylene
glycol 138 PEG-400. In some embodiments, the cell media does not contain or only contains
trace amounts of ethyvlenegiycol, diethylene glycol, and/or triethyiene glycol. 1o some
embodiments, the cell media comprises or consists of ACD solution, the polyethylene glycol,
and the platelets In some embodiments, the media further comprises about 0.3-3% of a

compound having the structure:

RL’\J\/ R

Re

wherein: Ry, R, and Rs are each independently hydrogen, a polyethylene glycol comprising -
5 repeating units, or a polypropylene glycol comprising 1-5 repeating units; and R4 is hydrogen,
alkylci-iz), substituted atkylci), or a ~{(CH2)—Rs; wherein: xis 0, 1, 2, or 3; and Rsis a
polyethylene glycol comprising 1-5 repeating units or a polypropylene glycol comprising -5
repeating units. In some embodiments, the compound is glycerol propoxylate (e.g., Ma ~266)},
trimethylolpropane ethoxylate (e.g., Ma ~450), pentaerythritol propoxylate, {(¢.g., Mn ~426), or
pentaerythritol ethoxylate, {e.g., Mn ~270). In some embodiments, the compound is
pentaervthritol propoxylate. The cell media may be comprised in an oxygen permeable
polymer or plastic bag or container {(e.g., comprising or consisting of an oxygen permeable
plastic material such as, e.g., di-{2-ethythexyl) phthalate (DEHOP)). In some embodiments, if
the cells are platelets, then the method comprises storing the cell media comprising the platelets
at a temperature of from about 0.1 °C to about 15 °C. In some embodiments, the cells are
platelets, and wherein the method comprises storing the cell media comprising the platelets at
a temperature of from about 20 °C to about 25 °C. In some embodiments, the temperatire is
about -5, -4, -3, -2.-1,0,01,1,2,3.4,5,6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, or 25 °C, or any range derivable therein. The method may fusther comprise

storing the cell media under intermittent or constant rotation. In some embodiments, the cell

(V4]
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media comprises or consists of Acid Citrate Dextrose {ACD), Citrate Phosphate Dextrose
(CPD) or a similar storage buffer solution, the polyethylene glycol, and the platelets. The
media may comprise ACD or a platelet additive solution. In some embodiments, the cell media
further comprises DMSO or B-cyclodextrin.  In some embodiments, the cell media does not
comprise DMS30 or f-cyclodextrin. The cell media may comprise a phosphate buffered saline
{(PBS} / ACD mixture, or a PBS / ACD / CPD or other commercial buffer mixture {e.g., as
described in Table 1 and/or Table 2). In sorse embodiments, the cells are platelets. In some
embodiments, the cells are stem cells, apheresis derived hematopoietic cells, sperm cells,
hematopoietic stem cells, stem cells from cord blood, plunipotent cells, multpotent cells,
embryonic stem cells, or induced pluripotent cells. In some embodiments, the media does not
contain or only contains trace amounts of ethylene glycol, diethylene glycol, and/or triethylene
glycol. In some embodiments, the media may further comprise an additional low molecular
weight cryoprotectant such  as, e.g, methoxyPEG, glycerol, glycerol propoxylate,
trimethylopropane ethoxylate, pentaervthritol ethoxylate, pentaerythritol propoxylate or

mixtures of these agents.

[0011] Anocther aspect of the present invention relates to a cell media for preserving
platelets, comprising: (a) a polyethylene glycol having an average molecular weight of from
200 g/mol to less than 500 g/mol 1n a concentration of from about 0.1% to less than 5.6%; (b)
ACD, a muixture of phosphate butfered saline (PBS)/ ACD, or a mixture of PBS/ ACD / CPD
or a similar butfer; and (¢} viable platelets; wherein the viable platelets (e.g., freshly prepared
or isolated) have not undergone irreversible aggregation. In some embodiments, the
polyethylene glycol has an average molecular weight of less than 450 g/mol (e.g., less than 420
g/mol}). The polyethylene glycol may be PEG-200, PEG-225, PEG-250, PEG-275, PEG-300,
PEG-325, PEG-350, PE(G-375, PEG-400, PEG-425, PEG-450, PEG-475, or PEG-500. In
some embodiments, the media may comprise a polyethylene glycol such as PEG-550, PEG-
600, PEG-650, PEG-700, PE(G-750, PEG-800, PEG-850, PEG-900, PEG-950, or PEG-1000.
In some embodiments, the polyethylene glycol is PEG-400. In some embodiments, the cell
media further comprises DMSO or B-cyclodextrin,  In some embodiments, the cell media
further comprises DMSO, B-cyclodextrin, methoxyPEG, glycerol, glycerol propoxylate,
trimethylopropane ethoxylate, pentaerythritol ethoxylate, pentaerythritol propoxylate or a
mixtures of one or more of these agents. In some embodiments, the cell media does not
comprise DMSO or B-cyclodextrin, or the cell media only contains trace amounts of DMSO or

B-cyclodextrin.  In some embodiments, the cell media does not comprise an additional

&
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cryoprotectant, or the cell media only contains trace amounts of an additional cryoprotectant.
In some embodiments, the platelets retain substantially normal hemostatic activity when
transplanted in a mammal. The media may further comprises of a compound {e.g., at a

concentration of about 0.3-3%) having the structure:

RE\J\/ Ry

feom

wherein: Ry, Ro, and Rs are each independently hydrogen, a polyethylene glycol comprising 1-
5 repeating units, or a polypropylene glycol comprising 1-5 repeating units; and Ra is hydrogen,
alkyli-12), substituted alkylcia), or a -{CHaRs; wherein: xis 0, 1, 2, or 3; and Rais a
polyethylene glycol comprising 1-5 repeating units or a polypropylene glycol comprising -5
repeating units. In some embodiments, the compound is glycerol propoxylate (e.g., Ma ~266)},
trimethylolpropane ethoxylate (e.g., Ma ~450), pentaerythritol propoxylate, {(¢.g., Mn ~426), or

pentaerythritol ethoxylate, (e.g., Ma ~270}.

16012] Yet another aspect of the present invention relates to a cell media for preserving
cells, comprising: (a} a polyethylene glycol having an average molecular weight of from 200
g/mol to less than SO0 g/mol in a concentration of from about 0.1% to less than 5.6%; and {¢)
viable cells, wherein the viable cells are stem cells, apheresis derived hematopoietic cells,
sperm cells, hematopoietic stem cells, stem cells from cord blood, pluripotent cells, multipotent
cells, embryonic stem cells, or induced pluripotent cells. In some embodiments, the
polyethylene glycol has an average molecular weight of less than 420 g/mol. The polyethylene
glveol may be PEG-200, PEG-225, PEG-250, PEG-275, PEG-300, PEG-325, PEG-350, PEG-
375, PEG-400, PEG-425, PEG-450, PEG-475, or PEG 500. In some embodiments, the
polyethylene glyeol is PEG-500, PEG-550, PEG-600, PEG-650, PEG-700, PEG-750, PEG-
800, PEG-850, PEG-900, PEG-950, or PEG-1000 may be used. In some embodiments, the
polyethylene glycol 15 PEG-400. The media may further comprises of a compound {e.g., at a

concentration of about 0.3-3%) having the structure:
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wherein: Ri, Rz, and Rs are each independently hydrogen, a polyethylene glyeol comprising 1-
S repeating units, or a polypropylene glycol comprising 1-5 repeating units; and R4 15 hydrogen,
alkylici-iz), substituted alkylician, or a «(CHa)—Rs; wheretn: x i3 0, 1, 2, or 3, and Rsis a
polyethylene glycol comprising -5 repeating units or a polypropylene glycol comprising 1-5
repeating units. Tn some embodiments, the compound is glycerol propoxylate (e.g., Ma ~266),
trimethylolpropane ethoxylate (e.g., Ma ~450), pentaerythritol propoxylate, (e.g., Ma ~426)}, or
pentaerythritol ethoxylate, (e.g., Mn ~270). In some erbodiruents, the cell media further
comprises DMSO or B-cyclodextrin. In some embodiments, the cell media further comprises
DMSO  B-cyclodextrin, methoxyPEG, glycerol, glycerol propoxylate, trimethylopropane
ethoxvlate, pentaerythritol ethoxylate, pentaervthritol propoxylate, or mixtures of 1, 2, 3, 4, 5,
or more of these agents In some embodiments, the cell media does not comprise DMSO or §-
cyclodexirin, or only contains trace amounts of DMSO or B-cyclodextrin, or other

cryoprotectants.

[0013] Another aspect of the present invention relates to a bag comprising a cell media
of the present invention. The bag may be further defined as a platelet bag or a platelet collection
device {e.g., a supplemental storage media additive bag allowing storage media to be added
slowly to the bag or collection device). Blood banks typically use interconnected multiple bag
blood collection units sold as a complete assembly that includes a needle, and the storage
solution in the primary bag. Storage solutions as described herein may be included in a single
{primary) bag, in multiple bags, in a specific bag for platelets, in a small pouch, or in a diverter
pouch. For example, in some embodiments, a gradual addition of the a cell media as described
herein may be added to a platelet bag over a time pertod of from about 30 seconds to about 5

minutes.

[0014] Yet another aspect of the present invention relates to a method of providing
platelets to a mammalian subject comprising administering a therapeutically sufficient amount
of a cell media of the present invention. In some embodiments, the subject is a human, and
wherein the cell roedia is further defined as a pharmaceutically acceptable cell media. In some
embodiments, the pharmaceutically acceptable cell media is formulated for intravenous
administration. In some embodiments, the pharmaceutically acceptable cell media may be

formulated for topical or parenteral administration.

[0015] Ancther aspect of the present invention relates to a method for preserving cells,

comprising: (a) admixing platelets with a cell media comprising a poly-(PEG/PPEG) derivative
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having an average molecular weight of from 200 g/mol to less than 1000 g/mol {e.g., in a
concentration of from about 0.1% (wt/v) to less than 5.6 % (wt/v)), wherein the poly-

(PEG/PPEG) derivative has the structure:

RZJ\/&

Re @

wherein: R, Ro, and Rs are each independently hydrogen, a polyethylene glycol cormprising 1-
5 repeating units, or a polypropylene glycol comprising 1-5 repeating units; and R4 is hydrogen,
alkylcrn, substituted alkylciay, or a (CHa—Rs; wherein: x 1s 0, 1, 2, or 3; and Rs is a
polvethylene glycol comprising 1-5 repeating units or a polypropylene glycol comprising 1-5
repeating units; and (b1) wherein if the cells are platelets, then the method comprises storing
the cell media comprising the platelets at a temperature of from about minus 5 °C to about 25
°C; (b2) wherein if the cells are stem cells, apheresis derived hematopoietic cells, sperm cells,
hematopoietic stem cells, stem cells from cord blood, pluripotent cells, multipotent cells,
embryonic stem cells, or induced plaripotent cells, then the method comprises storing the cell
media comprising the platelets at a temperature of from about -157°C to about 15 °C; wherein
the cells are platelets, stem cells, apheresis denived hematopoietic cells, sperm cells,
hematopoietic stem cells, stem cells from cord blood, plutipotent cells, multipotent cells,
embryonic stem cells, or induced pluripotent cells. In some embodiments, the poly-
(PEG/PPEG) derivative 1s glycerol propoxylate (Mn ~266), trimethylolpropane ethoxylate (Ma
~450), pentaerythrito] propoxvlate (Mn ~426), or pentaerythritol ethoxylate, (Mn ~270). The
method may comprise storing the cell media comprising the platelets at a temperature of from
about 0.1-15°C. In some embodiments, the temperature is about -5, -4, -3, -2, -1, 0, 0.1, 1, 2,
3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24, or 25 °C, or any range
derivable therein. The method may comprise intermittently or continuously rotating the cells.
In some embodiments, the concentration of the ply(PEG/PPEG) is from about 1% to about 5%,
from about 1.1% toabout 2.5%, or 0.1, 1, 1.5,2,2.5,3,3.5,4,45, 5,55, or 5.6%, or any range

derivable therein.

[8816] Yet another aspect of the present invention relates to a cell media for preserving
platelets, comprising: (a) a poly~{(PEG/PPEG) derivative having an average molecular weight
of from 200 g/mol to less than 1000 g/imol (e.2., in a concentration of from about 0.1% to less

than 5.6%); wherein the poly-(PEG/PPEG) derivative has the structure:
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Ra

R2\J\/R1

Re ()

wherein: R, Rz, and Rs are each independently hydrogen, a polyethylene glycol comprising 1-
5 repeating units, or a polypropylene glycol comprising 1-5 repeating units; and Ra1s hydrogen,
alkylici-i), substituted alkyliciaz, or a «(CH2)}x—Rs; wherein: x 180, 1, 2, or 3, and Rsis a
polyethylene glycol comprising 1-5 repeating units or a polypropylene glycol comprising 1-5
repeating units; (b) ACD or a mixture of phosphate buttered saline (PBS)/ ACD; and (¢) viable
platelets, wherein the viable platelets have not undergone irreversibie aggregation. In some
embodiments, the poly-(PEG/PPEG) denivative 1s glycerol propoxylate (Mo ~2606),
trimethylolpropane ethoxylate (Mn ~450), pentaerythritol propoxylate (Mo ~420), or

pentaerythritol ethoxylate, (Ms ~270).

[0017] Another aspect of the present invention relates to a cell media for preserving
cells, comprising: (a) a poly-(PEG/PPEG) derivative having an average molecular weight of
from 200 g/mol to less than 1000 g/mol (e.g., in a concentration of from about 0.1% to less

than 5.6%); wherein the poly-(PEG/PPEG) derivative has the structure:

Rﬁ\jvﬁ‘i

Re ()

wherein: Ry, R, and Ry are each independently hydrogen, a polyethylene glycol comprising 1-
S repeating units, or a polypropylene glycol comprising 1-5 repeating units; and R4 is hydrogen,
alkylcrn, substituted alkylciay, or a (CHal—Rs; wherein: x 1s 0, 1, 2, or 3; and Rs is a
polyethylene glycol comprising 1-5 repeating units or a polypropylene glycol comprising 1-5
repeating units; and {(c) viable cells, wherein the viable cells are stem cells, apheresis derived
hematopoietic cells, sperm cells, hematopoietic sterm cells, stem cells from cord blood,
pluripotent cells, multipotent cells, embryonic stem cells, or induced pluripotent cells. In some
embodiments, the poly-(PEG/PPEG) derivative is glycerol propoxylate (Mn ~266),
trimethylolpropane ethoxylate (Ma ~450), pentaerythritol propoxylatepropoxylate (Mn ~426),

pentaerythritol ethoxylateethoxylate (Me ~270), or methoxy-PEG.

[0018] Yet another aspect of the present invention relates to a bag comprising the cell

media of the present invention or as described above. In some embodiments, the bag is further
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defined as a platelet bag or a platelet collection device {e.g., an oxygen-permeable bad or

collection device).

[0019] Another aspect of the present imvention relates to a method of providing
platelets to a2 mammalian subject {e.g., a human) comprising administering a therapeutically

sufficient amount of a cell media of the present invention or as described above.

[3028] Yet another aspect of the present invention relates to a method for preserving
cells, comprising: (a) admixing platelets with a cell media comprising: (i) a polyethylene glycol
having an average molecular weight of from 200 g/mol to less than 1000 g/mol in a
concentration of from about 0.1% (wi/v) to less than 5.6 % (wt/v); and (i1) a cryoprotectant; (b)
wherein the method comprises storing the cell media comprising the platelets at a temperature
of from about -0.5 °C to about 0 °C; wherein the cells are platelets, stem cells, apheresis derived
hematopoietic cells, sperm cells, hematopoietic stem cells, stem cells from cord blood,
pluripotent cells, multipotent cells, embryonic stem cells, or induced pluripotent. In some
embodiments, the cryoprotectant is glycerol, DMSO, or a poly-(PEG/PPEG) derivative. In
some embodiments, the cryoprotectant is glycerol. The cell media may comprise about 3-12%
glycerol. The cryoprotectant may be DMSO. The cell media may comprise about 0.5-7%
DMSO. In some embodiments, the cryoprotectant is the poly-(PEG/PPEG) derivative, wherein
the poly-(PEG/PPEG) derivative is pentaerythrito] ethoxylate. The cell media may comprise

about 0.3-3% pentaerythritol ethoxylate.

[6021] In some embodiments, the platelet storage solution may comprise 1, 2, 3, 4, 5,
6, 7, 8, or more component(s) included in a platelet additive solution as described in Table 1
or Table 2 below. In some embodiments, a platelet storage solution comprises all of the

components in one of the platelet additive solution shown in Table 1 or Table 2.

Table 1. Approximate formulation of Platelet Additive Solutions (mM)

Chemical PAS-1p PAS-I1 PAS-EI PASHIIM PAS | Msol
{T-sol) {intersol) ssp &
NaCl 90 116 77 69 90 110
NaAcetate 27 30 30 30 27 13
NaCitrate - 10 10 10 1 10
Kl 5 - - 5 3 3
MaCl, 3 - - 1.5 1.5 3
Posphate - - 26 26 - 4
NaGluconate | 23 - - - 23 -
(lucose - - - - - 30
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NaHC(4 - - - - - 12

Tabie 2. Platelet Additive Solutions - Anticoagulant-Preservative Solutions™

Anticeagulant-Preservative (g/L}

Trisodium Citric | NaPO4 | Dextrose | Adenine | Shelf

Citrate Acid Life
Anticoagulant citrate- | 22.0 8.0 0 245 0 21
dextrose A (ACD-A)t days
Citrate-phosphate 263 327 1222 255 0 21
dextrose (CPD) days
Citrate-phosphate- 26.3 327 1222 51.1 0 21
dextrose-dextrose days
(CP2D)
Citrate-phosphate- 263 327 1222 319 0.275 3:
dextrose-adenine days
(CPDA-1)

*63 mL/450 mL collection, 70 mL/300 mL collection

TACD s used for apherests components.

[0022] As used herein, a “platelet storage media” refers to a media as described herein
that can be used to store platelets or other cell types under refrigerated or freezing conditions.
For example, in some embodiments, the platelet storage media may be used to store platelets
under refrigerated or freezing conditions. In some embodiments, the platelet storage media
may be used to store other cell types such as, e.g., stem cells, apheresis derived hematopoietic
cells, sperm cells {e.g., bovine sperm cells), hematopoietic stem cells, stem cells from cord
blood, pluripotent cells, multipotent cells, embryonic stem cells, or induced pluripotent cells.
In some embodiments the other cells are stored in a platelet storage media without the presence
of platelets in the storage media. In some preferred embodiments, the platelet storage media

comprises a PEG {e.g., about 1-3% PEG-400}.

[0023] The stored platelets may be administered to a mammalian subject (e.g., a human
patient) to treat a variety of diseases. For example, stored platelets may be administered to a
patient to treat, e.g., thrombocytopenia, or platelets may be as a source of platelet derived

growth factor to assist wound repair. In some embodiments, platelets or hematopoietic stem



10

15

WO 2016/164693 PCT/US2016/026597

cells may be stored in a platelet storage media as described herein at freezing temperatures
{e.g., from about 0 to about -70 °C), and these approaches may be useful for the collection

and/or storage of apheresis derived hematopoietic stem cells.

10024] The term "pharmaceutically acceptable” means a non-toxic matertal that does
not interfere with the effectiveness of the biological activity of the platelets and that 1s a non-
toxic material that is compatible with a biological system such as a cell, cell culture, tissue, or
organism.  Pharmaceutically acceptable carriers include diluents, fillers, salts, buffers,
stabilizers, solubilizers, and other materials which are well known 1n the art, for example, a
buffer that stabilizes the platelet preparation to between a pH of from about 6.5 {(e.g., Acid
Citrate Dextrose) to about 7.4 or about 7.4, the physiclogical pH of blood, 1s an example of a
pharmaceutically acceptable composition suitable for use with the present invention. In some
embodiments, the pharmaceutically acceptable composition is contained in an oxygen

permeable plastic bag material (e.g., di~(2-ethylhexyl) phthalate (DEHOP)).

[6025] As used herein the specification, “a” or “an” may mean one or more. As used
herein in the claim(s), when used in conjunction with the word “comprising”, the words “a” or

“an’” may mean one or more than one.

[8026] The use of the term “or” in the claims 15 used to mean “and/or” uniess explicitly
indicated to refer to alternatives only or the alternatives are mutually exclusive, although the
disclosure supports a definition that refers to only alternatives and “and/or.” As used herein

“another” may mean at least a second or more.

[6027] Throughout this application, the term “about” is used to indicate that a value
includes the inherent variation of error for the device, the method being emploved to determine

the value, or the variation that exists among the study subjects.

[6028] Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however, that the
detaiied description and the specific examples, while indicating preferred embodiments of the
invention, are given by way of illustration only, since various changes and modifications within
the spirit and scope of the invention will become apparent to those skilled in the art from this

detatled description.



10

20

25

WO 2016/164693 PCT/US2016/026597

BRIEF BESCRIPTION OF THE DRAWINGS

10029] The following drawings form part of the present specification and are included
to further demonstrate certain aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in combination with the detailed

description of specific embodiments presented herein.

[003¢] FIG. 1: Results showing control platelets at 5°C for 26 days as compared to
platelets stored with the addition of PEG-400 at 2% final concentration at S°C for 26 days.
Control results are shown on the left side, and platelets stored with PEG-400 are shown on the

right side of FIG. 1A and FIG. 1B

16031] FIGS, 2A-B: FIG. 2A, PBS (Control) plus 10% hydrogen peroxide showing
extensive aggregation. FIG. 2B, PBS-2%-PEG400 (Test) plus 10% hydrogen peroxide —

showing less aggregation than PBS 10% Hz0: control.

[0032] FIG. 3: Responsiveness of control (PBS storage) and test (2% PEG-400

storage) platelets to 0 or 10 pg epinephrine challenge.

[0033] FIGS. 4A-B: FIG. 4A, degranulation of von Willebrand factor (vWF) was
observed in the control chilled platelets. FIG. 4B, Inclusion of 1.5% PEG-400 in storage media

prevented vWG degranulation at 5°C.

16034] FIGS. 5A-B: FIG. 5A, Control: strongly fluorescent platelets attached to the
farger U937 cell. FEG. 5B and FIG. SC, PEG test solution: U937 membranes were observed

to be smooth and showed only a few attached strongly fluorescent platelets.

[0035] FIGS. 6A-C: FIG. 6A, C =PBS control image. Control PBS platelets showed
cholesterol capping. FIG. 6B, P2 = PBS+2%-PEG400 image. Test platelets stored in 2%
PEG-400 overnight showed less cholesterol capping. FIG. 6C, P4= PBS plus 4% PEG-400.

Test platelets stored in 4% PEG-400 overnight showed less cholesterol capping.

[0036] FIG. 7: Change tn blotter weight (grams). Results for A= 0 PEG control vs.

C= 1% PEG-400 (P = 0.021) are shown. Low grams of biood documents less bleeding.
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[0037] FIG & Change in blotter weight (grams). Are shown for the 13 day
experiment. PEG control data 1s shown on the left and the 1% PEG400 data 1s shown on the

right.

10038] ¥1G. 9: Combined data from day 11 and day 13. The addition of 1% PEG-400
(“C”) showed significantly more clotting as compared to the control storage solution (A7) (P

= 0.02).

16039] FIG. 16: Results tor Countrol platelets and No platelet intervention ares shown

(P = 0.0002).

[0040] FIG. 11 Resulis for Room temperature control and test platelets again at 11

days are shown.
[6041] FIG. 12: Combined 11— 13 day Room Temperature results.

[6042] FIG. 13: Data for Control 5°C standard vs. 5°C 2% PEG-400 platelets at 19

days are shown (P= 0.014).

[6043] FIG. 14: A Box plot of 5°C control platelets vs. 5°C, 2% PEG-400 platelets

26 days is shown,

[0044] FIGK, 15A-B: Platelets stored in media containing 6% glycerol (FIG. 153A)

and a matched control of platelets stored in a media without glycerol (FIG. 15B) are shown.
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DESCRIPTION OF HLLUSTRATIVE EMBODIMENTS

[0045] The present tnvention, tn various aspects, provides methods and compostiions
for preserving platelet function after collection. For example and as shown in the below
examples, it has been found that relatively low concentrations of lower molecular weight PEG
may be included in a platelet storage media to allow for extended storage of the platelets. In
contrast to these findings, it was found that inclusion of either (1) higher molecular weight PEG
in a platelet storage media, or (2} inclusion of higher concentrations of a PEG in a platelet
storage media were not able to replicate the beneficial effects of including a lower
concentration of a lower molecular weight PEG in the platelet storage media, and trreversible
aggregation of platelets was observed, rendering the platelets unsuited for therapeutic
administration. Without wishing to be bound by any theory, these resulis are consistent with
the idea that lower molecular weight PEG may interact with platelet membranes and inhibit

irreversible aggregation of platelets during storage.

L Platelet Storage Compositions and Metheods

[0046] Platelets are small anucleate cells that are needed for normal coagulation
function. Platelets, also called thrombocytes, are produced by megakaryocytes in the bone
marrow. Platelets are generally about 2 — 3 um diameter and are membrane bound, anucleate
cells found in the bloodstream. They help protect injured mammals from hemorrhagic blood
foss by adhering to sites of blood vessel injury and by the formation of a platelet-fibrin clot.

Patients with low numbers of platelets in the bloodstream may hemorrhage spontaneocusly,

typically bleeding iuto the gut, lungs, or brain. These events can be life threatening.

160471 Platelets may be purified from donor blood via several approaches. For
example, platelet concentrates (PCs) may be made from individually donated whole blood
units, and pools of several donors {e.g., 5 to 6 “random” donors) may be transfused to provide
a useful increment or improvement of platelet support or function for a patient. Alternatively,
platelets may be collected from donors using an apheresis procedure. The apheresis procedure
typically involves aseptic separation of platelets, where the non-platelet blood cells and plasma
are returned to the donor. The donated platelets may be tested to confirm the absence of
bacterial or certain viral contamination problems. Regardless of the imtial method of

preparation, the storage time is normally limited; however, improvements in the storage of
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platelets can be achieved in various embodiments using the platelet storage compositions and

methods, as described herein.

[0048] In some instances, platelets may be stored in a storage media, e.g., under
constant agitation on a flat-bed rotator {e.g., about 20-90, 20, 30, 40, 50, 60, or 70 cycles per
minute, or any range derivable therein, or 20-200 cycles per minute; using, e.g., with a 1 inch
stroke radius), at about 20-24 °C (68-75.2 °F) or about 20-25°C, 1n oxygen permeable plastic
bags composed of di~{2-ethylhexyl) phthalate (BEHOP). In some embodiments, platelets may
be refrigerated, e.g., at about 1-15°C, or 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15 degrees
C, or any range derivable therein. In some embodiments, constant agitation may be useful for
extending storage of platelets; nonetheless, it is anticipated that repeated or occasional agitation
or no agitation may be used in some embodiments for the storage of platelets as described

herein.

[0049] In some embodiments, recombinant thrombopoietin may be administered to a
patient in combination with platelets stored using methods of compositions as described herein,
Thrombopoietin 1s a glycoprotein hormone produced by the liver and kidney which can

regulates the production of platelets (Kaushansky 2006).

[8038] In some embodiments, human stem cells may be differentiated into platelet
producers in vitro and stored using compositions and methods as described herein.  For
example, platelets may be produced from human stem cells using the methods as described in

Fujimoto ef af., 2003 (Fujimoto ef af., 2003).

[6051] Additional methods for the production or storage of platelets that may be used
in combination with aspects of the present invention include, e.g., those described in U.S.
2012/0107791 or U8, 8,052,667, which are incorporated by reference in their entirety without
disclaimer. For example, in some embodiments, N-acetylneuraminic acid (sialic acid), or
certain nucleotide-sugar molecules, such as CMP-sialic acid or UDP-galactose may optionally

be included in a platelet storage media.

[6052] In some embodiments, the platelet storage media may optionally contain one or
more of citrate, acetate, calcium, L-carnitine, oxaloacetate, and/ or aspartate, e.g., as described
in US 20090191537 In some embodiments, the platelet storage media may optionally contain
one or more of buffered Ringers-citrate solution, low glucose, glutamine and or oxaloacetate,

malate, fumarate, oxalosuccinate, isocitrate, cis-aconitate, e.g, as described in

17
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W{O1985002116. In some embodiments, a calcium chelator with an actin inhibitor may be

included in a platelet storage media {e.g., as described in U S. 5,358,844).

[0053] In some embodiments, platelets are stored in the storage media under room
temperature or refrigerated {e.g., 1-10 °C, or about 5 °C) and then directly administered or
warmed to room temperature prior to administration to a subject. Thus, in some embodiments,
the platelet storage media 18 a pharmacologically acceptable solution or composition that does
not require the removal of components from the platelet storage media or further removal or
purification of platelets from the platelet storage media. The ability to directly administer
platelets in a storage media {e.g, comprising a low molecular weight PEG such as a
pharmaceutically acceptable low molecular weight PEG exhibiting little or no toxicity) can
allow, e.g., efficient application or administration of platelets with minimal modification of

typical blood banking practices.

[0054] In some embodiments, the platelet storage media comprises saline, phosphate
butfered saline (PBS), or Anticoagulant Citrate Dextrose as a base solution {(e.g., ACD, ACD-
A, CPD, or similar platelet additive solution) in combination with a low molecular weight PEG.

For example, the low molecular weight PEG may be PEG-400 1n ACD-A.

[8033] Addinonal components that may be included in a platelet storage media as
described herein include DMSO. The DMSO may be present at a concentration of about 0.1
t0 5%, 1-3%, 0.1-3%, 1-3%, 0r 01,05, 1, 1.5,2,2.5,3,3.5,4,4.5, 5%, or any range derivable

therein.

[6056] In some embodiments, the platelet storage media may contain cholesterol. For
exarple, cholesterol may be added to a platelet storage media to achieve a level of about 100-
200mg/dL. range (e.g., in a platelet storage bag or unit of platelets). The amount of cholesterol
may range, e.g., trom about 25, 50, 75, 100, 125, 150, 175, 200, 225, or 250 mg/dL, or any
range derivable therein. In some embodiments, the platelet storage media may contain low
cholesterol or diluted plasma or one or more agents that can adsorb cholesterol. In some
embodiments, the platelet storage media may provide a low cholesterol, low glucose containing

moditied ACD buffer with the addition of about 0.5-3% of a low molecular weight PEG.

[0057] In some embodiments, the platelet storage media may comprise or consist of a
sterile Polyethylene glycol {(e.g., PEG-400 or a molecular weight 400 PEG) in Adenosine,

Citrate Dextrose solution. For example if a final concentration of 2% PEG-400 1s desired then

I8
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the standard 10x ACD solution [ Trisodium Citrate 22.0 g/ L, Citric Acid 8.0 g/L, Dextrose 24.5
¢/L} can be formulated to contain 20% PEG-400. When 9 volumes of fresh platelet / plasma
concentrate is added to this 1 volume in the platelet bag, the result will be 2% PEG 400 in 1x
standard ACD solution. In some embodiments, the PEG ACD solution 1s added slowly to the
platelets following plasma reduction. In other embodiments, the molecular weight and percent
PEG in the composition can vary within a range. In some embodiments, DMSO {e.g., about 1

~10 7/
/
i

% DMSO) can be wncluded to facilitate cell freezing.

A. Polyethylene Glycol (PEG)

16038] PEG 15 the polymeric form of ethylene glycol. PEG has the formula:
H{OCH:CH230H (1)

wherein the repeating unit, n, 1s an integer. In sore aspects, the nomenclature used to describe
PEG includes the average molecular weight of the polymer (e.g. PEG-400; PEG-500, PEG-
600, etc.). As would be obvious to a person of skill in the art, the average molecular weight
does not mean that any particular PEG molecule within the composition has the noted
molecular weight but rather that the composition as a whole has the average molecular weight
corresponding to that value. In some embodiments, the PEG molecule can have one or both of
the terminal hydrogen atom can be replaced with another group including but not limited to an
allyl group {e.g. a methy! group or an ethyl group), or a reactive motety used to attach the PEG
to another compound. For example, a PEG-400 composition generally comprises PEG
molecules with 8 and 9 repeating units as shown in the formula above, but may also comprises
individual PEG molecules with less than 8 or more than 9 repeating units. As the value in the
name of the PEG composition represents the average molecular weight, the overall polyroer
average molecular weight may be modified to obtain an average molecular weight from less
than 200 to over a 1000 g/mol (e.g. from 2 repeating units to about 22 repeating units, more
preferably from 4 repeating units to about 22 repeating units). In some aspects, the PEG is
selected with an average molecular weight of about 200, 225, 250, 275, 300, 325, 350, 375,
400, 425, 450, 475, 500, 525, 550, 575, or 600 g/mol, or any range derivable therein. In some
embodiments, the PEG has an average molecular weight equal to or less than PEG-1000 (e.g.,
PEG-400). In some embodiments, a platelet storage media contains or comprises about 1-3%
of PEG-400, about 1-3% PEG-300, about 1-3% PEG-350, about 1-3% PEG-500, or about 1-
3% PEGs consisting of a mixture of PEG molecules having a molecular weight (mwt) between

300 and 500. In some embodiments, the concentration of the polyethylene glycol is from about
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1% to about 5%, from about 1. 1% to about 2.5%, 0or 0.1, 1, 1.5,2,25,3,3.5, 4,45, 5,55, or

2

5.6%, or any range derivable therein.

[0059] In some embodiments, a methoxy-PEG or Poly-{methoxy-PEG/PEG)
derivative may have the advantage of increased stability. Further, one or more poly-(PEG/PEG)
or poly-(PEG/PPG) derivatives {(e.g., having a molecular weight of from about 200-700, or
200-600 g/mol) may be used to promote survival of platelets in storage, e.g., during refrigerated

or freezing conditions. The poly-(PEG/PPG) derivative preferably has the structure:

wherein:

Ri, Re, and R; are each independently hydrogen, a polyethylene glycol
comprising -5 repeating units, or a polypropylene glycol comprising 1-

5 repeating units; and
Ra1s hydrogen, alkylci-izy, substituted alkylci-i2), or a {(CHa)x—Rs;, wherein:
xis 0, 1, 2, or 3; and

Rs 13 a polyethylene glycol comprising 1-5 repeating units or a

polypropvlene glyveol comprising 1-5 repeating units;

[6060] For example, it is anticipated that one or more of the following compounds (e.g.,
having a molecular weight of Mx of about 100-700, or about 200-600 g/mol) could be used in
combination with, or substituted for, the PEG in the media to promote prolonged platelet
storage and/or retention of platelet function: glycerol propoxviate {(e.g., Mn ~266),
trimethylolpropane ethoxylate (e.g., M ~450), pentaerythritol propoxylate, {(e.g., Ma ~426), or
pentaerythritol ethoxylate, (e.g., Ma ~270). In some embodiments, the concentration of the
poly(PEG/PPEG) 1s from about 1% to about 5%, from about 1.1% to about 2.5%, or 0.1, 1, 1.5,

2,2.5,3,35,4,45,5,5.5, or 5.6%, or any range derivable therein.

[0061] As used herein, the phrase “low molecular weight PEG” or “lower molecular

weight PEG” are used interchangeably and refer to a PEG having an average molecular weight
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of from about 200 to about 1000 g/mol, more preferably from about 200 to about 600 g/mol,
or from about 300 to about 500 g/mol. In some embodiments, the low molecular weight PEG
may have from 2-22, 3-20, 4-15, 4-12, 5-11, 6-10, 7, &, or 9 repeating units. In some
embodiments, the low molecular weight PEG may have 2,3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,

15, 16,17, 18, 19, 20, 21, or 22 repeating units, or any range derivable therein,

18062} Effective amounts of a PEG {e.g., PEG-400) may range from about 0.1 % to
about 7% of the platelet storage medium, and more preferably about 1% to 3% of PEG may be
included in the platelet storage medium.  Effective molecular weights of PEG that may be
included in a platelet storage medium may range from 150 to 1000 molecular weight, more
preferably 300 to SO0 ruolecular weight, average molecular weight, or nominal molecular
weight. The storage conditions may further include one or more oft ACD or similar basal
anticoagulant solution, constant agitation, maintenance at room temperature or refrigerated
conditions, and/or di-(2-ethylhexyl} phthalate plastic bag, in combination with a storage media
containing a lower molecular weight PEG {e.g., PEG-400). PEG-400 is a well-known and
generally nontoxic molecule, and it may elute out of platelets to give a blood level ~ 0.025%
per unit transfused. In some embodiments, the lower molecular weight PEG may be cleared
by the kidneys of subjects after administration of platelets in a platelet storage media

comprising the lower molecular weight PEG.

[0063] In some embodiments, inclusion of PEG in platelet storage compositions may
result 1n little or no detectable toxicity when the platelets and storage media are administered
to a patient after storage. PEG has been used as a GRAS agent in the food industry, and it has
been included in some injectable drug compositions. PEG-400 appears to have relatively low
toxicity, and a toxic endpoint ~ 8g/Kg or 0.8% for the whole animal was suggested by studies
involving dogs (Li e al., 2011 ),and similar levels are tolerated by primates {e.g., 0.4% of body
weight for 11 weeks). (Lockard, 1979). It is anticipated that relatively low levels of PEG that
might result in a patient after giving a unit of platelets where PEG is included in the storage
media (e.g., 0.025% immediately after transfusion) may be well tolerated and result in little or
no toxicity in the patient. Without wishing to be bound by any theory, inclusion of a lower
molecular weight PEG in a platelet storage media as described herein may promote
stabilization of membrane structure of platelets and/or inhibit cold induced aggregation of
cholesterol-raft associated transmembrane complexes. Without wishing to be bound by any

theoty, the data obtained is consistent with the tdea that, in conirast to larger molecular weight

b
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PEG, lower molecular weight PEG may be able to penetrate into the membranes of platelets to
alter membrane or cell function which may, e.g., prevent or slow the gradual activation that is
observed with prolonged room temperature storage and/or prevent or slow the abrupt activation

observed under refrigeration conditions.

B. Refrigeration of Platelets in a Platelet Storage Media

[0064] In some embodiments, platelets stored in a platelet storage media (e.g,
comprising about 1-5% of a lower molecular weight PEG) may be refrigerated. Refrigeration
may comprise maintaining platelets at a teraperature of about 0.1-15, 0.1-10, 0.1-8, 1-5, 3-6, 4-
5,1,2,3,4,5,6,7.8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 degrees C,
or any range therein. In some preferred embodiments, platelets in a platelet storage media may
be maintained at about 1-15, 2-7, 3-6, or S°C. In some embodiments, rotation or movement of
the platelets may be carried out, e.g., by maintaining the platelets in the platelet storage media
in a platelet bag on a rotator. In some embodiments, the movement or rotation of the platelets
is substantially continucus. Nonetheless, it s anticipated that sporadic movement or rotation
of platelets may be used in some embodiments, and in some embodiments platelets may be
maintained in a platelet storage media for a period of time (e.g., during transport of the

platelets) without precluding the clinical and therapeutic use of the platelets.

[0065] Retnigeration of platelets is different as compared to freezing platelets below
freezing temperatures {e.g., below 0 °C). In some embodiments, it may be possible to maintain
the platelets in a platelet storage media as described herein at a temperature near or below 0 °C
(e.g., preferably without freezing) for sorue period of time without precluding clinical use of
the platelets, e.g., by including a PEG in the cell storage media as described herein alone or,
optionally, in combination with one or more cryoprotectants {e.g., glycerol). Nonetheless, in
some preferred embodiments, the platelets are maintained at room temperature or refrigerated

conditions, as mentioned above.

[0066] As noted in the below examples, PEG containing storage compositions resulted
in significantly improved platelet functional survival at 11- 14 days under room temperature
storage conditions on a flat-bed rotator. Further, platelet functionality was successfully
preserved under 5°C storage conditions with rotation over 26 days. Data with animal studies
indicate that it may be possible to maintain platelets under 5°C storage without the use of
continuous rotation. Not requiring rotation may facilitate the transport of platelets between

treatment facilities. Without wishing to be bound by any theory, the data obtained supports the

22

e



10

15

WO 2016/164693 PCT/US2016/026597

idea that inclusion of particular amounts of a lower molecular weight PEG (e.g., from about 1-
5% PEG) may inhibit premature activation in current storage conditions. These platelet storage
media can allow for storage of platelets at 5°C, and maintaining the platelets under these
refrigerated conditions can lower the metabolism of the platelets and facilitate transport of the
platelets over a longer period of time. Storage of platelets under refrigerated conditions {e.g.,
about 1-10°C or about 5°C) may also inhibit bacterial contamination, which has been a problem
with donated platelets (Yomtovian e /., 1993). Itis envisioned that 5 'C storage may, in some
embodiments, reduce or obviate the need for bacterial contamination screening. In some
embodiments, the combination of one or more of these improvements may significantly reduce

the complex logistics currently needed for platelet storage and handling.
IV.  Examples

[8667] The following examples are included to demonstrate preferred embodiments of
the invention. It should be appreciated by those of skill int the art that the techniques disclosed
in the examples which follow represent techuiques discovered by the inventor to function well
in the practice of the invention, and thus can be considered to constitute preferred modes for
its practice. However, those of skill in the art should, 1o light of the present disclosure,
appreciate that many changes can be made in the specific embodiments which are disclosed
and still obtain a like or similar result without departing from the spirit and scope of the

invention.
EXARMPIF 1
Muosterials and Meihods

[6068] Platelet source, Platelet samples were from the Transfusion Medication service
at MDACC, All samples were de-identified residual or discarded donor material less than 3

days old.

[10069] Microscopy. Photomicrographs were taken with a Nikon E400 microscope with
an Insight 18.2 Color Camera and Spot 5.1 image capture software. No image adjustments were
performed. Fluorescent microscopy was performed using a Leica DMIL photomicroscope and
Leica LAS V3 8 image acquisition software. No post photographic image adjustments were

made.
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[007¢] Platelet aggregation using epinephrine. Ten mi of 24hr old platelet residual
was derived from one platelet unit and split into two 5 ml aliquots in 50 ml tubes. One sample
received 10% phosphate butfered saline (PBS) and one 10% PBS containing PEG400 such that
the tinal PEG concentration was 2%. These samples were placed on a flat-bed rotator with a
1 inch stroke, at 70 cycles per min, at S °C for 7 days. 100 ul of these platelet suspensions were
added to wells of a 96 well U bottom plate. Epinephrine 0. Img/mi (Pharmaceutical NDC 0409-
4921-34-44-048-DK) was diluted with PBS and 100ul was added to test wells to give a finial
concentration of 10 meg/mil. The plate was rotated overnight to allow aggregation. The extent
of aggregation was read using an ELISA plate reader (Molecular Devises, Vmax) at 690nm
wavelength, Platelets, with and without PEG, were also aggregated by the addition of 10%
H20n. Hydrogen peroxide is not an agonist for the platelet receptor; however exposure to
hydrogen peroxide mimics the platelet storage lesion though membrane ageing. In this study,
the inventors tested 2 day old residual platelets form one donor unit by splitting the material in
to a 24 well cluster plate. Control platelets had 10% PBS added and were compared to test
compositions with the addition of 10% volume PBS plus 2% PEG-400. 10% v/v (Hydrogen
peroxide 3%) was then added to all wells simultancously using a multichannel pipette. Wells
were photographed following 1 hr room temperature incubation (see FIGS. 2A-B and FIG. 3).
Table 3 presents additional cryoprotective agents scored tor the effect on microscopic

degranulation {20x high contrast lighting as above).

(8071}

Agent® Mwt Days at | 6% 3% 1.5% 6.75% | 0.38% | Control"
5°C

Glycerol 266 6 NT Bone fair fair none none
propoxyiate
Trimethylopropane| 450 6 NT none none none none none
cthoxylate
Pentaervthritol 270 6 NT none none none none none
cthoxylate
Pentaerythritol 426 6 NT none none none fair none
Propoxylate
Methoxy PEG 350 6 NT good good none none none
Glyeerol 92 10 good | fair NT NT NT none




10

30

WO 2016/164693 PCT/US2016/026597

*Final concentrations of cryoprotectants are shown as % solution in ACD-Platelet mixture.
NT, Not tested. #, Results ~ None = no effect detected ~90% complete degranulation, Fair =
25 to 50% of platelets are non-degranulated. Good= >80 are non-degranulated. "“Controls
were made in the same manner as test solutions by mixing ACD PBS containing zero
cryoprotectant with test platelets in a 1:1 addition. After 10 min rotation at room temp all
samples were transterred to 5°C and rotated together.

[6072] Studies of platelet degranulation wsing anti-von Willebrand factor
immuncfiorescent staining. Functional, non-degranulated, platelets should retain vWF at high
concentrations in their alpha granules. To study the effect of PEG on gradual loss or
preservation a direct fluorescent antibody immunoflorescent staining protocol was developed.
Slides were air dried for 5 min and immersed in 0.5 % fresh paraformaldehyde in 10% PBS pH
7.3 for 10min. Slides were soaked for Zmin in PBS with 5 changes. Subsequently excess PBS
was drained and slides immersed for 2 min in ice cold dry acetone. Again, slides were drained
and excess acetone was removed with 5 PBS washings of 2 min each. Slides were then
immersed in 0.5% filter sterilized BSA in PBS and allowed to block overnight at 40, After
draining excess block solution, S0ul of primary antibody (Polyclonal rabbit anti-vWF-PB9062,
Boster Biclogical Technology, Pleasanton, CA) at Sng/ml was applied immediately over the
platelet spot and incubated in a humidity chamber for 4 hr at 4°C. Shides were washed with 5
changes of 0.5% BSA/PBS for 5 min each. Excess fluid was again removed and FITC labeled
goatd anti-rabbit, Sigma F0O382, was added 50ug/ml in 0.5% BSA/PBS for 3 hr. Finally, after
blotting excess fluid, slides were again washed with 5 changes of 0.5% BSA/PBS, drained,
blotted, mounting medium was added, and the slides were cover-shipped. Slides were
immediately photographed using a Leica DMIL photomicroscope and Leica LAS V3.8 image

acquisition software. No post photographic image adjustments were made.

[0073] Platelet binding to the Macrophage like Cell line U937. U937 is a cell line
derived from a patient with Acute Myelo-Monocytic Leukenua. It demonstrates several
macrophage-like properties including expression of the Fc receptor. In this binding experiment
5 day old platelets from the blood bank are held in a standard storage media referred to as ACD
on a flat-bed shaker under standard conditions of rotation. “ACD’ contains Adenosine, Sodium
Citrate, and Dextrose. These platelets were split into two conditions, control and 2% PEG-
400, in a 12 well plate format with a final volume of 100ul per well. All wells were incubated
overnight at 5 °C. All wells where then stained with fluorescein Diacetate (Sigma product
F7378). This agent was protected from light and 1 mg was dissolved tn 10l acetone and stored

at -70 °C. FDA was diluted 1:1000 in PBS immediately prior to use (Miyamoto ef /., 2000.)
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All platelet wells recetved 2.5 ug final per well of fluorescein diacetate (FA) contained in 50ul
PBS. After | hr at room temp a further 100ul of PBS was added and the 12 well plates were
centrifuged at 3000g for 20min at RT. 150u] excess fluid was carefully removed from all wells
and discarded. Platelets were gently suspended. 100ul of washed U937 cells, containing about
1x 10% per mi, were added to all wells and incubated for S min at room temp.  The plates were
again centrifuged at 500g for Smin at 20 °C. The excess fhuid was carefully removed from the
wells and the cells were covered with 25ul glycerol based mounting mediur and cover-slipped.

Wells were examined and photographed with an inverted tluorescence microscope.

[8074] In viire study of cholestersl membrane mobility using the {luorescent
cholesterol probe Filipin. Filipin complex, (FO765 Sigma), was used to demonstrate intra-
membrane distribution of cholesterol at S °C. (Note 1: Stock solutions were prepared in DMSO
that was rigorously dried with an equal volume of A-3 molecular sieve that had been
regenerated at 300 °C overnight. The resultant filipin stock 25 mg/ ml BDMSO solution was

prepared 1n a nitrogen atmosphere and frozen at -70 °C to linut water induced hydrolysis.)

[0075) Approximately 3ml of residual pooled platelets were obtained after 72hr at
standard storage conditions. 100 ul of platelets were mixed with 100 ul of fresh filipin
(300ug/ml in PBS + 10% DMSO) in each of 12 wells of a 24 well cluster plate and incubated
at room temperature for 35min. (BMSO was included to assist with membrane loading of the
highly insoluble filipin molecule.) All wells were then diluted by adding 2.5 mi of PBS and
incubated another 15min to dilute unbound filipin and allow removal of DMSO by dilution.
The plate was next centrifuged at 2500g for 20min in a pre-warmed centrifuge at 22 °C. All

wells were gently aspirated and the PBS was replaced with 3ml of control or test platelets as

follows:
Control () 3mi PBS
Test (P2) 3ol of 2% PEG-400 in PBS
Test (P4) 3ml of 4% PEG-400 in PBS

[0076] All wells were next incubated 20 min at room temperature to allow DMSO to
equilibrate. {(Note: the final DMSO concentration in the Control wells or the PEG-400 only
wells would be 6 parts in 10,000 or 0.06%.) Next the plate was held at 5 °C overnight and in
the morning centrifuged in a 5 °C equilibrated centrifuge at 2,500g for 20 mun.  Cold 4%
Formalin/PBS was carefully added and the plate returned to 5 °C for overnight incubation. At

I8hr the plate was allowed to fix again at room temperature in the dark for 4 hours.

26
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Subsequently the formalin was aspirated and the plate washed with 4 changes of 2Zml of PBS.
Finally, excess fluid was removed and the wells were photographed with an inverted
fluorescent microscope. Note 2: Filipin is rapidly photo-bleached with the UV, thus the hight
intensity was lowered with a barrier filter of ~20% was used. This filter setting was used
consistently for all photographs. All photographs were taken under the same camera conditions.

No post photographic image alterations were made.

[8077] Studies of platelet sterage vs platelet function in a mouse model of
thrombocytopenia. Fresh human platelets were obtained from the blood bank. These were
pooled, mixed and divided twice to give 4 (new) platelet bags with 65 ml (+/-5ml) in each.
Next sterite PBS/ PEG mixtures were made by adding filter sterilized PEG-400 (30% in PBS)
serially diluting 1:4. (14m] PBS + 6ml of PEG400 =30% PEG, serially 1:4 diluted with PBS to
give 7.5% PEG400, and 1.9% PEG400). Then, 10mi of PBS or PBS/PEG was added into each
platelet bag as follows: 10ml PBS 15 0 control= A; 10mi of 1.9 i3 0.25% peg final in platelets
{a low dose tolerated by whole animal see below) =B; 10ml of 7.5% gives 1% PEG-400 final
{the max PEG400 dose tolerated by whole animal see below), = C; 10m] of 30% gives 4%
about 4 times the max dose tolerated in rhesus monkeys. Units were held at room temp 70
cycles/ min, 1 inch stroke). The platelet units were confirmed to be negative for bacterial

growth using 3ml the platelet suspensions in Bactec blood culture bottles at 72 hr.

[6078] CD-1 outbred mice were obtained from Harlan Laboratories. All animals were
pretreated with a 0.5 mi IP dose of 185 ug/mouse of filter sterilized fresh acetylsalicylic acid
{aspirin) in PBS buffer. Fresh aspirin was used. Salicylate is the active metabolite responsible
for most anti-inflammatory and analgesic effects; however, acetylsalicylate is the active moiety
for the antiplatelet-aggregation effect and is rapidly hydrolyzed in water. On the following day
all mice were given 3 U (heparin equivalents)/animal Lovenox (Enoxaparin Sodium Injection).
After a 2 hr pertod for Lovenox to take full effect, the animals were given 100ul platelets by
IV tail vein injection, the platelets were allowed to circulate 20min and the tail vein cut 1 cm
from the tip with a new scapula for each animal. Bleeding was measured by collecting drops
of blood for exactly 5 min on pre- weighed blotter paper Whatmen-40. The blotters were then
weighed and these weights were compared using unpaired t test statistics. Platelets having an
excessive amount of RBC in the units were sedimented under gravity in a 50 ml tube for 30

min and only the top Sml was harvested into a second 50ml tube used for injection.)
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EXAMPLE 2

Preservation of Platelet Function

[8079] Preservation of platelet function was measured using 7 vifro methods and as

further described below.

[0080] Experiment A: Platelets are known to change shape and show partial
aggregation when chilled. The goal of the intial experiments was to see if this behavior
changed when platelets were incubated in the presence of PEG-400. Two standard random
donor platelet concentrates, type O, were mixed by connecting the bags, followed by gravity
mixing 8 times. This mixture was equally divided by weight into the two original platelet bags
and etther 10m} of PBS or 10ml of PEG-400 in PBS was added to the conirol and test unit
respectively. The final concentration of PEG-400 in the unit was 2%. These units were then
gently rotated at 70 cycles per minute, with a linch stroke length, at 5 °C, over 26 days. Atthe

end of this ime aliquots were examined and photographed.
PBS Control 2% PEG-400 in PBS

[6081] Results are shown in FIGS. TA-B. Conirol platelets at 5 °C for 26 days can be
visually compared to platelets stored with the addition of PEG-400 at 2% tinal concentration
at S°C for 26 days. As shown in FIGS. 1A-B, the control was observed to be more aggregated
and to have more rod shapes than the PHEG test platelets. Additional experiments were
conducted that showed similar results, and select results are shown in FIGS. 1A-B for

iltustration purposes.

[0082] Experiment B: In a second experiment a state of platelet ‘aging’” was induced
using hydrogen peroxide. Hydrogen peroxide is not an agonist for the platelet receptor;
however, exposure to hydrogen peroxide predisposes platelets to the “platelet storage lesion”.
in this study 2 day old residual platelets derived from one donor unit were tested by splitting
the material 1n to a 24 well cluster plate. Control platelets had 10% PBS added and were
compared to test compositions with the addition of 10% volume PBS but containing 2% PEG-
400, or 2% PEG-400 plus 1% DMSO. Results are shown in FIGS. 2A-B. The differences 1o
photographic exposure in FIGS. 2A-B are due to heavy precipitation of platelets with resultant
clearing of the suspension resulting in less light diffusion in the 10% PBS control medium. As
shown in FIGS. 2ZA-B, for platelets exposed to 10% hydrogen peroxide, the inclusion of 2%

PEG400 in the media clearly resulted in less aggregation of the platelets. Images are shown in
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FIGS. 2A-B for illustrative purposes, and additional experiments were conducted that showed
similar results. The platelets treated with 2% FEG-400 were observed to have less coarse
clumping {(aggregation}), when compared to a matched control dertved from the same platelet

unit.

[0083] Experiment C: Without wishing to be bound by any theory, the above
observation of reduced aggregation in the presence of PEG suggested two possible hypotheses:
one is that PEG may have prevented the effect of cold related aging, and the second is that the
PEG may have blocked any agonist induced aggregation. Thus, additional experiments were
performed to study epinephrine induced platelet aggregation following cold storage of

platelets.

[0084] Fresh donor platelets were supplemented with PBS or PBS 2% PEG-400 as
described in the methods, and incubated at 5°C for 7 days. These control and test samples were
then loaded side by side on a 96 well plate (ensuring that test and control reading would be
made simultaneously). Control wells with zero epinephrine had only PBS added. Test wells
had epinephrine in PBS added to give a final concentration of 10ug/well. All loading of PBS
or epinephrine agouist used a multichannel pipette to ensure test and control agents were added
simultaneously. The plate was rotated in a hunmidity chamber overnight at room temperature.
An ELISA plate reader was used to demonsirate changes in optical density at 690 nm in

response to epinephrine challenge.

[6085] Results are shown in FIG. 3. As shown in FIG. 3, the control platelets failed to
show any sigoificant change in OD in response to epinephrine. This was observed based on
the fact that cold stored platelets showed significantly higher baseline absorbency in the
absence of epinephrine (see FIG. 3, Left hand bar under control platelets). Therefore the
control platelets were “preaggregated” in the cold in the absence of any agonist. This is
consistent with hiterature showing aggregation of platelets in the cold. The difference between
0 and 10 ug/ml epinephrine in the control platelets was not significant. Conversely, the PEG
2% stored platelets showed less initial aggregation in the stored state and showed a significant

aggregation response to epinephrine.

[0086] Experiment B: von Willebrand Factor (VW) 1s a major component of platelet
alpha granules. Intact functional platelets should retain these granules. Fresh platelets were

divided into 6 aliguots of 4 ml each; 3 controls and 3 test aliquots were prepared by adding

I
e
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either 10% PBS (v/v} to controls or 10% v/v of 15% PEG400 in PBS to give a final
concentration of 1.5 % PEG400 in the test platelet aliquots. All aliquots were incubated at 5°C,
+/- 0.1, on a flat bead rotator with a T inch stroke at 70 cycles per min for 8 days. At 8 days 3
slides were prepared for both test and control samples using a cytocentrifuge at 2000 g for 2
min. Slides were then stained using anti-von Willebrand Factor DF A protocol in methods.
After staining slides were immediately photographed using a Leica DMIL photomicroscope
and Leica LAS V3.8 image acquisition software. No post photographic image adjustments

were made to images analyzed.

[6087] Results are shown in FIGS. 4A-B. As shown in FIG. 4A, these results show
that chilled control platelets show degranulation of VWF. Further, 1t also demounstrates that
1.5% PEG-400 was sufficient to prevent vW( degranulation at 5°C (more bright green

platelets were observed, indicating granules were retained; FIG. 4B).

[0088] Experiment E: Chilled platelets are known to be rapidly removed from the
circulation by fixed tissue macrophages of the reticuloendothelial system. Thus, an in vifro
demonstration of platelet adherence to “macrophage-like” cells with or without the addition
PEG-400 was performed. The AMMOL U937 cell Hue 15 a granulocytic/monocytic leukernia
with some macrophage like properties including expression of the Fc receptor. Interestingly,
von Willebrand factor of exceptionally high molecular weight (Mwt) is produced by
megakaryocyies and is abundant in the Alpha granules of platelets. Reticuloendothelial “fixed”
Fe receptors are thought to directly bind to capped (clumped) von Willebrand Factor, resulting
in their clearance by fixed macrophages and other Fc receptor sites in the liver, spleen, lung,
etc.. (Olsson ef ¢f | 2005). In this binding experiment two units of S day old type O platelets
from the blood bank were held in a standard holding media referred to as ACD on a shaker.
‘ACDY contains Adenosine, Sodium Citrate, and Dexirose. These were split into two
conditions and stained with a high level of fluorescein Diacetate (see Example 1, above, and

Mivamoto ef af., 2000).

[0089] Control conditions had standard 75ul of ACD suspended platelets, plus 25 ul
PBS in the control wells. Test conditions had 75 ul of ACD platelets, plus 25ul of PBS / PEG-
400 to give a final PEG-400 concentration of 2% PEG-400 in the test wells. Test and control
wells were then held at 5°C overnight on a flat-bed rotator. All wells were stained with a final
of 2.5ug Flouresine diacetate (FDA) per well for 1 hr at room temp. All wells were centrifuged

at 3000g for 20 min and excess fluid removed. The platelets were resuspended in 100 pd of

(98]
<
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PBS washed U937 cells (approx. 10* / mb) and incubated for a further 5 min at room
temperature (RT). Cells were then spun at 500 g for 5 min at room temp. The excess fluid
was again carefully removed from the wells and the cells covered with 25ul of glycerol based
mounting medium. Wells were examined with an inverted tluorescence microscope. Results
are shown in FIGS. SA-C. The experiments were repeated and consistent results were observed

as shown in FIGS. 5A-C.

[009¢] Result: Control platelets chilled to 5°C overnight were adsorbed to the
AMMOL/macrophage hike cell line U937, In contrast under the same conditions and with
matched platelets but following the addition of 2% PEG-400, only the faint staining of the
U937 cells was seen and few heavily stained platelets were seen adherent to the cell surface.
The degree of platelet adsorption to the U937 cell line was much less. This confirms a rapid
time course for the ‘cold platelet storage lesion” — in this example overnight storage at 5°C was
used. This study also demonstrates a 2% PEG-400 molecular weight (Mwt) composition that

can substantially block adsorption of cold stored platelets to macrophage like cells.

[0091] Experiment F: Cholesterol content of platelets has previously been shown to
potentiate activation and lower platelet membrane fluidity (Sinha ef of., 1977). This applies to
platelets with high artiticial cholesterol loading, to naturally occurring platelets from patients
with hyperlipidemia, (Tomizuka ef ¢/, 1990), and to platelets derived from normal donors.
(van Lier ef al, 2008). The inventor thus wanted to study cholesterol behavior directly in
platelet membranes o response to cold storage. The inventor hypothesized that the cold storage
injury may be largely related, if not completely related, to physical clumping of high-
cholesterol containing domains of the membrane. In the following studies membrane capping
of cholesterol was visualized in an i vifro experiment, using the fluorescent cholesterol probe
filipin. Filipin 15 a complex mixture of polyterpene compounds that mimic the structure of
cholesterol. It is derived from Swrepromyces filipinensis and 1s similar to the polvene antibiotic
amphotericin B. Filipin is highly fluorescent and binds specifically to cholesterol. 1t 1s used as
a histochemical stain for cholesterol in the diagoosis of Niemann-Pick disease, and will
partition into cholesterol in vive and in vifro. It has been used in living cells to study the
raft/caveolae endocytosis pathway on mammalian astrocyte cells at concentrations of 3 pg/ml.

{Pascual-Lucas ef a/., 2014).

[6092] Filipin complex (F9765 Sigma) was used to demonstrate intra-membrane

distribution of cholesterol at 5°C. [Note 1: Stock solutions were prepared in DMSO that is

(98]
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sigorously dried with an equal volume of A-3 molecular sieve that had been regenerated at
300°C overnight. The resultant filipin stock 25 mg/ ml DMSO solution was prepared in a
nitrogen atmosphere and frozen at -70°C to lumit water induced hydrolysis. Note 2: Filipin is
rapidly photobleached by UV light, thus light intensity was lowered with a barrier filter ~20%.
This filter setting was used counsistently for all photographs. All photographs were taken under

the same camera conditions. No post photographic image alterations were made. ]

10093] Approximately 3ml of residual pooled platelets were obtained after 72hr at
standard storage conditions. 100 ul of platelets were mixed with 100 pl of fresh filipin
(300ug/ml in PBS + 10% DMSO) in each of 12 wells of a 24 well cluster plate and incubated
at room temperature for 35min. (DMSO was included to assist with membrane loading of the
highly insoluble filipin molecule.}) All wells were then diluted by adding 2.5 ml of PBS and
incubated another 1Smin to dilute unbound filipin and allow removal of DMSO by dilution.
The plate was next centrifuged at 2500g for 20min in a pre-warmed centrifuge at 22°C. All
wells were gently aspirated and the PBS was replaced with 3ml of control or test storage

solution as follows:

Ceontrol () 3ml PBS
Test  (P2) 3ml of 2% PEG-400 in PBS
Test (P4) 3ml of 4% PEG-400 in PBS

[0094] All wells were again incubated 20 min at room temperature to allow DMSO to
equilibrate. (Note: the final DMSO concentration in the Control wells or the Peg-400 only wells
would be 6 parts in 10,000 or 0.06%.) Next the plate was held at 5°C overnight and in the
morning centrifuged it a 5°C equilibrated centrifuge at 2,500g for 20 min.  Cold 4%
Formalin/PBS was carefully added and the plate returned to 5°C for overnight incubation. At
18hr the plate was allowed to fix again at room temperature in the dark for 4 hours.
Subseguently the formalin was aspirated and the plate washed with 4 changes of 2ml of PBS.
Finally, excess fluid was removed and the wells were photographed with an inverted

fluorescent microscope. Results are shown in FIGS. 6A-C.

16093] Results: Controls show accumulation of the cholesterol probe filipin in clusters
around the platelets membranes (FIG, 6A). Treatment conditions with 2% PEG-400 (FIG. 6B)
show less filipin clustering, as do treatment conditions with 4% PEG (FIG. 6C). Additional

images were obtained that were consistent with these results.

ba
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[0096] The results of the above i vifro experiments replicate previous findings that
cold conditions (here 5°C, +/- 0.1) are sufficient to induce platelet aggregation, loss of receptor
agonist interaction, adsorption to macrophage hike cells, and degranulation as measured by the
toss of vWG granules. A surprising finding shown in the results 1s that the inclusion of a
relatively narrow range of low molecular weight PEGs, 1n a particular range of w/v %, in
storage solutions was sufficient to substantially block these ‘cold storage lesion’ effects.
Further, the inventor observed cholesterol capping under cold storage conditions. Without
wishing to be bound by any theory, since capping is frequently associated with signal
transduction and since the above late effects (aggregation, degranulation) require signal
transduction (Zolla er o), the results support the idea that cholesterol capping under cold
storage 1s sutficient to recapitulate all features of the cold storage lesion and that enhancing
cholesterol mobility with low molecular weight PEG 1s sufficient to reverse all features of the

cold storage lesion etfects.
EXAMPLE 3
Preservation of Platelet Function in Vive

16097] Preservation of platelet function was observed 10 vivo using a mouse animal
model. The results of the below experiments show that treatment of platelets with a storage
media containing PEGs of various molecular weights and final % composition can prolong

platelet function as demonstrated in an i vive mouse mode].

[0098] Briefly, the animal model experiments were performed as follows. Fresh human
platelets were obtained from a blood bank, consisting of 3 ABO " units and 2 ABO A’ units.
These were pooled, mixed and divided twice to give 4 (new) platelet bags with 75 ol (+/-5mi)
in each. Next sterile PBS/ PEG mixtures were made by adding filter sterilized PEG-400 (30%
in PBRS) serially diluting 1:4. (14ml PBS + 6ml of PEG =30% PEG, serial ¥ diluted with PBS
to give 7.5% PEG, and 1.9% PEG400.). 10mli of PBS or PBS/PEG was then added to each
platelet bag as follows. As shown in FIG. 7, 10ml of PBS 15 the 0 control= A ; 10mlof 1.91s
0.25% peg final in platelets {a low dose tolerated by whole animal see below) =B, 10ml of 7.5
gives 1% PEG-400 final (approximately the max PEG400 dose tolerated by whole animal see
below), = C; 10ml of 30% PEG400 gives 4% PEG400 final, about 4 times the max dose
tolerated in rhesus monkeys. Units were held at room temp 140 cycles/ min, 0.5 inch stroke).
The platelet units were confirmed as negative for bacterial growth using 3mi in Bactec blood

culture bottles at 72 hr.

(98]
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[8699] CD-1 outbred mice were obtained from Harlan Laboratories.  All animals were
pretreated with a 0.5 mi IP dose of 185 pg/mouse of filter sterilized fresh acetylsalicylic acid
in PBS buffer. On the following day all mice were given 3 U (heparin equivalents)animal
Lovenox. (Note: Aspirin was fresh. Salicylate is the active metabolite responsible for most
anti-inflammatory and analgesic effects; however, acetylsalicylate 1s the active moiety for the
antiplatelet-aggregation effect and is rapidly hydrolvzed in water. After a 2 hr period for
Lovenox effect the animals were given 100u] platelets by IV tail vein injection, the platelets
were allowed to circulate 30min and the tail vein cut T cm from tip with a new scapula for
each animal Bleeding was measured by collecting drops of blood for exactly 5 min on pre-
weighed blotter paper Whatmen-40. The blotters were then weighed and these weights were
compared using unpaired t test statistics. Platelets containing an excessive amount of RBC in
the units were sedimented under gravity in a 50 m} tube for 30 min and ounly the top Smi was

harvested into a second 50ml tube used for injection.

(606106} Experiment A: Platelets were pooled (11 day old platelets } Obtained
4 type ‘O’ platelet units from the blood bank. Mixed and divided platelets again into 4 equal
95ml aliquots in platelet unit bags. These pooled platelets contained ACD. Supplemental
storage agent were added as follows:
A= pbs control
B = pbs+ 0.2% PEG-400, final
= pbs + 1% PEG-400, final
B = pbs + 3% PEG-300, final
placed on a rotator at room temp (24°C).
On day 11, gave 0.3mg salicylic acid IP
On day 12, gave 0.5 ml 3 units heparin [P
Waited one hr.
And then injected platelets
Waited 15 min for injected platelets
to recover function /i sifu

Then snipped tail — blotted 5 min +-30sec

(80101} Statistical analysis: As shown in FIG. 7, a graphic BOX plot is

E
provided showing 50% of values within the box with a median line and 25% in each wing.

Any inchuded cutliers are shown as a dot with an open circle arocund it. Any excluded outliers

(98]
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are shown as large black circles. (John Tukey cutlier method. Similar to mean and SD
describing a distribution, here outliers are defined relative to the median as either 3x Inter-
Quartite Range (IQR) or more above the third quartile or 3xIQR or more below the first

quartile }

(60102} Experiment B: The experiment was repeated at day 13 (13 day old
platelets) using the sarne platelet units and same conditions and using 6 additional anumals.
VYariability was very high due to difficult injections. The experiment did not reach significance
due to low numbers and high viability, but shows a trend similar to the first experiroent. Results

are shown in FIG. 8.

160103} For further statistical analysis the day 11 and day 13 data were combined
since conditions are closely matched, and the results are shown in FIG. 9. As shown in FIG.
9, the addition of 1% PEG-400, “C7, shows significantly more clotting vs the standard platelet

storage condition. (F = 0.02).

1001064} Experiment € Bleeding confrol using the same pretreatment
conditions and one day old platelets under standard conditions vs no platelets. Resuits are

shown in FIG. 10,

Day 1 platelets Result

N 3 controls vs 3 max bleed
Ave 0007 wvs 0.07  blotter weight in grams
Sd 0.05 wvs 0.05 Standard deviation in grams
{60105} As shown in FIG. 10, this data confirms that at 1 day old platelets stored

under standard conditions are functional and that the maximum bleeding as demonstrated by

the zero platelet group s consistent with prior studies.

060106} Experiment D: [t was not feasable to evaluate more than two groups
of mice during any one experment. Therefore 0.25% PHEG-400 and 4% PHEG-400 were not
further investigated. In experiemt D 1% PEG-400 in PBS was again used as the test contition
and again compared to a matched countrol derived from the same platelet unit, but with only the

addition of an equal volume of PBS.

(98]
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5-11 actual ~ two apheresis units of 48 hr age were received. They were rotated
under standard conditions:
70, 1 inch stroke cycles per min at 22- 25°C. They were Both O and both were

rejected by the blood bank due to hepatitis B Core antibody positive status.

(60107} Each apheresis recovers a higher number of platelets. One apheresis
unit 18 equivalent to ~7 Random donor platelet concentrates. The material was divided into &
platelet storage bags using 60ml syringe and 16¢ needle to transfer 60ml of platelets slowly
{1min) into new unit bags. Unit A was used to make room temp countrol and room temp PEG

1% test units. Unit A was also used to prepare 5 °C control and § °C PEG 2% test units.

160108} The room temperature pair was tested again at 11 days to demonstrate
reproducibility. The 5°C storage pair was tested at 23 days because it was suspected that they

could be functional based on in vifro observations.

{00109} Results are shown in FIG. 11, Room temperature control and test
platelets again at 11 days. As shown in FIG. 11, the experiments showed high variability but

the observed trend was similar.

100110} Combined 11-13 day room temperature results were combined and are

shown in FIG. 12,

060111} Experimental conditions were closely matched so results may be
combined to overcome the small number of animals in each group. (N=3) Combined data were
from prior experiments day 11, day 13, and dayll. All controls and tests were at room
temperature (RT) with paired platelet source vs PEG-400 1%, and pretreated with aspirin (-24
hr} and 3 i Lovenox (-1to Shr). Following injection, a delay of 15 min was allowed to occur

so that platelets could circulate in all animals to allow for recovery of function of platelets. The

tail vein was again cut lem from the tip and the blood collected for Smin.

00112} Results: Weight of blood after tail vein cut is given in grams for

combined 11 day groups.

(98]
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Table 3
Control {pbs} Room temp. vs.  PEG (1% PEG-400 in PBS) at Room temp.
.03 control 04  PEG (5/23/14 group, P=0.27)
18 04
A 06
N 04 3/11/14 group, # =0.021)
14 05
09 06
13 05 (3/13/14 group, £ =0.027 )
06 03
03 02
Analysis of combined data:
Controls Vs 1% PE(G-400
N=6 N=9
X=0.095 X=0.043
SP=0.05 §D=0.013 £ =0.008
(66113} Conclusions: 1) The difference between control platelets and PEG

platelets ts reproducible. 2}  PEG platelets are active at day 11-13. 33} Profound
anticoagulation appears assoctated with high variability in bleeding in the controls as

determined by weight method.

60114} Experiment £: Day 19, 5°C control platelets vs 5 °C 2% PEG-400 test
platelets. The experimental set up was very similar to previous with minor differences in
tirning. 0.3mi of 1.8mg/ml aspirin was given at about 1:00 (made fresh 1:10 from -70°C-e
18mg/ml stock in PBS) The next day- 0.5 (5 units) Lovenox was given at about 12:30. The
experiment was started Zhr later. 30ml of both platelet groups was sedimented for 45 min at
4°C to remove any aggregated clumps. (None were visible.} 4ml from the top was removed as

the experimental test and control materials.  After injection the platelets were allowed to

(98]
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circulate for 20min. The tail vein was then cut lem from the tip and allowed © min bleeding
with collection of drops on pre-weighed Whatman- 40 blotter paper. (#4 - thick). Results are

shown in FIG. 13,

1060115} Conclusion: The inclusion of 2% final concentration of PEG-400 Mwt
in the standard ACD platelet storage medium allowed 19 days of storage at 5 °C +/- 0.02°C,
with mixing on a flat-bed shaker with a 1 inch stroke diameter and 70 cyvcles per min continuous

shaking.

00116} Experiment ¥: 5°C Control platelets vs. 5°C 2%, PEG-400, platelets
after 26 days of shaking. Al animals got 0.3mil of 1 8mg/ral aspirin LP. on 6/6/14 and 0.5 mi
of 10 i /ml lovenox IP, 2 hr prior to platelet injection on 6/7. 0.1mli of test or control platelets
were given by IV tail vein injection and allowed to incubate in the animals for 20 min then the
terminal 1 cm of tail vein was cut with a scalpel and blood collected on blotter paper 6 min.
{Both control 5°C platelets and peg 5°C platelets were sub-cultured on chocolate agar and no

growth was seen at 48 hr.) Results are shown in FIG. 14

10601171 Conclusions: Modified platelet storage conditions using 2% final
weight of PEG-400 added to the standard ACD platelet storage units and rotated on a flat-bed
shaker with at 1 inch diameter stroke and 70 cycles per minute at S°C successfully preserved

platelet function for 26 days. Control platelet, receiving only PBS were dysfunctional.

{00118} Summary of animal model results: A thrombocytopenic mouse
model was used to assess the functional status of stored platelets.  In patients with
coagulopathies most hospitals offer a clinical “bleeding time” assay. The bleeding time assay
is used to make an inregrated assessment of all elements required for thrombostasis. In patients
with a coagulopathy the patient’s ability to accomplish hemostasis — regardless of the specific
coagulopathy or defect- can be measured by the bleeding time. The bleeding time 15 performed
by making six small standardized cuts in the skin of the arm and counting the number of
seconds until bleeding stops. Although  vifro studies can model some elements of platelet
function, many elements — such as thrombin binding and clot retraction - cannot yet be
duplicated. Thus, the bleeding time assay is still necessary. In a similar way, while the current
in vitro studies demonstrate known defects 1o aged or cold stored platelets (aggregation,
macrophage adherence, etc.), they do not confirm that the new storage conditions can be used

to provide functional platelets in vivo.

(98]
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{00119} There are three elements that may be important to understanding the
above animal model results, as follows: (1) Why aspirin was used, (2) why Heparin was used,
and (3} why the mice were incubated for 15 to 30 min prior to bleeding. In the above animal
model a simple IP injection of acetylsalicylic acid was given one day prior to the study. The
dose can inactivate the cyclooxygenase pathway of mouse platelets. Similar to humans, the
cyclooxygenase of circulating mouse platelets is permanently poisoned by aspirin and platelet
function is only slowly restored by the production of new platelets. At the dose used, the half-
life of aspirin in the blood stream of the mouse has been measured at 30 min to 1h. Thus, 20 f0
40 half- tives are available to remove unbound aspirin from the mouse prior to giving human
platelets the next day. Thus, mouse platelet function may be eliminated and following injection
human platelet function can be demonstrated. Second, a high dose of Lovenox, a synthetic
long-lived heparin-like molecule to arrest the classical thrombin / fibrinogen coagulation
cascade, was given. This suppression is predicted to peak at 1 to 3 hrs following IP Lovenox,
based on the half- life of 5 to 7 hr. Again, when the stored human platelets were administered,
they were substantially the only factor remaining to assist coagulation of these mice. Third,
the platelets were allowed to circulate for 15 to 30 min in the above experiments. This allowed
damaged or aggregated platelets to be removed and PEG to elute from platelets — and this
models the anticipated human therapeutic pattern of use. Note: the blood volume of a 30g
mouse is ~2ml and thus the 100ul dose represents 5% of murine blood volume. Humans
typically receive 4 to 7 units of random donor units at one transfusion corresponding 1o 5 to
9% of blood volume. In this context, the animal model provides strong evidence of functional
thrombocyte transfusion after 26 days of storage in a practical dosing context.  Further,
refrigeration may avoid the need for bacteriologic assessment, and may facilitate overnight

transport of platelets from areas of excess to areas of need.

100126} The above data demonstrates that ACD storage solution can be
supplemented with PEG-400 to give a more effective storage solution. Effective platelet
function was shown at room temp out to 13 days at room temperature. Successful platelet
storage with retention of function using these compositions was also observed out to 26 days
at 5°C. The agents used have a beneficial etfect on platelets storage when tested in an animal

model, extending platelet storage life to at least 13 days under room temperature storage and

26 days under 5°C storage.

(9%
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EXAMPLE 4

Compositions and Compounds for Enhanced Storage of Platelets

60121} In addition to the improvements observed with PEG as demonstrated in
the above examples, the inventors observed improved platelet preservation when certain
additional compounds were added to the storage solution. As demonstrated below these
compounds were included in the media in a particular range of doses, and an enhancement of

platelet function was observed.

66122} The following methods were used: “Fresh” in-date 2 day old blood bank
O pos random donor platelets were recovered from segments and held in a SOcc tub with
rotation 22°C, 70 cycles /min 1 inch stroke} for 30min. Glycerol (Fisher tissue grade product)
was obtained from virology diluted to 50% 1in sterile saline and filter sterilized. 12g glycerol
were added to 12ml sterile sahine (BioMeriux — vitek saline) and mixed. This mixture was
filter sterilized using a 0.45um filter (CELLULGOSE ACETATE). Dilutions were made of the
above saline to a concentration 50%, 25%, 12%, 6%, 3%. 200ul of platelets were withdrawn
slowly (8 sec )} and add slowly to 7 sterile 2ml microcentrifuge tubes. 200 ul of 50%, 25%,
12% 6%, and 3% glycerol/ saline and two controls using 200ul saline, were then added to the
platelets with slow mixing. Thus the final glycerol concentrations =25, 12,6, 3, and 1.5, These
aliquots were allowed to rotate at room temp as above for 5 min and then placed on a rotator
at 70 cycles / min with a 1 inch stroke at 5°C {temp previously equilibrated and documented at

5°C )

100123} Results: At day 3, dark dense platelets were observed, indicating
degranulation in the control groups (in both control groups A & B). A variation in platelet size
was observed: small and dense indicating degranulation, vs. normal morphology pale plump
platelets without the dense small degranulated appearance. Degranulation in response to cold
storage is associated with the first step of the platelet activation GP-1 signal resulting in o~
granule degranulation and massive extracellular release of vWF. (Suhasini ef of., 2010). Table
4 presents a summary of additional cryoprotective agents scored for the effect on microscopic

degranulation (20x high contrast lighting as above).

40
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Table 4. Studies of the effect of crvoprotective on platelet degranulation,

Agent® Mwt Days at § 6% 3% 1.5% 0.75% | 038% | Control”
5°C

Glyveerol 266 6 NT none fair fair none none

propoxylate

Trimethylopropane | 450 6 NT none none none none none

ethoxylate

Pentaerythritol 270 6 NT none none none none none

cthoxvlate

Pentaerythritol 426 6 NT none none none fair none

Propoxylate

Methoxy PEG 350 6 NT good good none lole lole

Glycerol 92 10 good fair NT NT NT none

*Final concentrations of eryoprotectants are shown as % soletion in ACD-Platelet mixture. NT, Not
tested. #, Resulis - None = no effect detected ~90% complete degranulation, Fair = 25 1o 50% of
platelets are non-degranulated. Good= >80 are non-degranuiated. “Controls were made m the same
manner as test solutions by mixing ACD PBS containing zero crvoprotectant with test platelets ina 1:1
addition. After 10 min rotation at room temp all samples were transferred to 5°C and rotated together.

1060124} Results are shown in FIGS. 15A-B.

2

060125} When 3% glycerol was included in the media, at day 3, a light color of

platelets was observed, indicating granule preservation {(in both 3% glycerol groups A & B}

00126} At day 6, for the control groups, dark dense platelets were observed,

indicating degranulation (for both control groups A & B).

1606127} When 3% glycerol was included 1u the media, at day 6, a hight color of

platelets was observed, indicating granule preservation (in both 3% glycerol groups A & B).

(00128} At day 10, for the control groups, dark dense platelets were observed,

indicating degranulation (for both control groups A & B).

[00129] When 3% glycerol or 6% glycerol was included in the media, at day 10,
a light color of platelets was observed, indicating granule preservation (in both the 3% glycerol

groups A & B).



10

15

30

WO 2016/164693 PCT/US2016/026597

160136} Conclusion: 3% and 6% glycerol, in a suitable physiologic aquecus
solution, prevented 5°C induced degranulation at 3, 6, and 10 days. These data support the idea
that this biologically well tolerated compound may thus be used or included in platelet storage
solutions, e.g., at a 1 % to 12 % final concentration. Without wishing to be bound by any
theory, these results support the idea that the glycerol may act as a cryoprotectant towards

platelets.

00131} The inventors anticipate that the following compounds may also be used
to enhance platelet storage when used at 1% to 40% of their normal cryoprotectant levels (7e.
at 0.1% to 6% final concentration}. glycerol propoxylate (mwt 260), trimethylolpropane
ethoxylate (mwt 450), pentaerythritol propoxylate (mwt 426), pentaerythritol ethoxylate (mwt

270,

(68132} Further, there is a likelihood that PEG 400 (0.3 to 3%) or PEG 350 (0.3
to 4%) can be advantageously combined with the lower concentration range of the
cryoprotectant agents listed below with all possible permutation of the above concentrations,
except that even lower levels of glycerol, glycerol propoxylate, trimethylolpropane ethoxylate,
pentaerythritol propoxylate, and/or pentaerythrito] ethoxylate, could be advantageously used.
Without being bound by theory, the inventors anticipate that pentaervthritol propoxylate may
be particularly useful at preserving transmembrane proteins, including pore structures with
hydrophobic domains during the process of protein crystallization. This property suppoits the
idea that combinations using the demonstrated cholesterol disaggregating / lipid bilayer
penetrating properties of low molecular weight PEG with pentaerythritol propoxylate may be
used to achieve a synergy of functional stabilization at concentrations well below the typical
levels used for cryopreservation and crystallization. The inventors anticipate that the
combination of a PEG as described herein synergize with when used in combination with

pentaerythritol propoxylate.

(661331 Al of the methods disclosed and claimed herein can be made and executed
without undue experimentation in light of the present disclosure. While the compositions and
methods of this invention have been described 1o terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be applied to the methods and in the

steps or in the sequence of steps of the method described herein without departing from the
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concept, spirit and scope of the invention. More specifically, it will be apparent that certain
agents which are both chemically and physiologically related may be substituted for the agents
described herein while the same or similar results would be achieved. All such simifar
substitutes and modifications apparent to those skilled in the art are deemed to be within the

spirit, scope and concept of the invention as defined by the appended claims.
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CLAIMS

WHATIS CLAIMED IS:

I A method for preserving cells, comprising:

(a) admixing cells with a cell media comprising a polyethylene glycol having an
average molecular weight of from 200 g/mol to less than 1000 g/mol in a concentration of from

about 0.1% (wi/v) to less than 5.6 % (wit/v); and

(b1} wheretn if the cells are platelets, then the method comprises storing the cell media

comprising the platelets at a temperature of from about 0.1 °C to about 25 °C;

(b2} wherein if the cells are stem cells, apheresis derived hematopoietic cells, sperm
cells, hematopoietic stem cells, stem cells from cord blood, pluripotent cells, multipotent cells,
embryonic stem cells, or induced pluripotent cells, then the method comprises storing the cell

media comprising the platelets at a temperature of from about -157°C to about 15 °C;

wherein the cells are platelets, stem cells, apheresis dertved hematopoietic cells, sperm
cells, hematopoietic stem cells, stem cells from cord blood, pluripotent cells, multipotent cells,

embryonic stem cells, or induced pluripotent stem cells.

2. The method of claim 1, wherein the concentration of the polyethylene glycol is from

about 1% to about 5%.

2

3. The method of claim 1, wherein the concentration of the polyethylene glycol is from
about 1.1% to about 2.5%.

4. The method of any one of claims 1-3, wherein the cells are platelets, and wherein the
method allows for storage of the platelets for more than 5 days without irreversible aggregation

of the platelets.

S. The method of claim 4, wherein the method aliows for storage of the platelets for at

feast 5-30 days without irreversible aggregation.

6. The method of any one of claims 1-5, wherein the temperature is from about 0.1-10 °C.
7. The method of claim 6, wherein the temperature is from about 0.1-5°C.
g The method of any one of claims 1-3, wherein the cells are stem cells, apheresis derived

hematopoietic cells, sperm cells, hematopoietic stem cells, stem cells from cord blood,

E
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pluripotent cells, multipotent cells, embryonic stem cells, or induced pluripotent cells; and

wherein the temperature 1s from about -70 °C to about 0°C.

9. The method of any one of claims 1-7, wherein the polyethylene glycol has an average
molecular weight of less than 500 g/mol.

10. The method of claim 9, wherein the polyethylene ¢glycol has an average molecular
weight of less than 420 g/mol.

11, The method of claim 9, wherein the polyethylene glycol is PEG-200, PEG-22S5, PEG-
250, PEG-275, PEG-300, PEG-325, PEG-350, PEG-375, PEG-400, PEG-425, PEG-450, PEG-
475, or PEG-500.

12. The method of claim 11, wherein the polyethylene glycol 1s PEG-400.
13, The method of any one of claims 1-12, wherein the cell media does not contain or only

contains trace amounts of ethyleneglycol, diethvlene glycol, and/or triethylene glycol.

14. The method of any one of claims 1-13, wherein the cell media comprises or consists of

ACD solution, the polyethylene ¢glycol, and the platelets.

1S, The method of any one of claims 1-13, wherein the media comprises ACD or a platelet

additive solution.

16. The method of any one of claims 1-15, wherein the cell media further comprises DMSO

or B-cyclodextrin.

17.  The method of any one of claims 1-15, wherein the cell media does not comprise DMSO

or B-cyclodextrin.

I8 The method of any one of claims 1-17, wherein the cell media comprises a phosphate

buffered sline (PBS) / ACD mixture.
19, The method of any one of claims 1-18, wherein the cells are platelets.

20. The method of any one of claims 1-18, wherein the cells are stem cells, apheresis
derived hematopoietic cells, sperm cells, hematopoietic stem cells, stem cells from cord blood,

pluripotent cells, multipotent cells, embryonic stem cells, or induced pluripotent cells.

21, The method of any one of claims 1-20, wherein the media does not contain or only

contains trace amounts of ethylene glycol, diethylene glycol, and/or triethylene glycol.
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22, The method of any one of claims 1-21, wherein the media further comprises about

0.3-3% of a compound having the structure:

Rs
RQ\J\/R’S
Re
wherein:
5 Ri, Ry, and R; are each independently hydrogen, a polyethylene glycol
coruprising 1-5 repeating units, or a polypropylene glycol comprising -
5 repeating units; and
Rais hydrogen, alkylciin, substituted alkylci-i2), or a «(CHzix—Rs;, wherein:
xis 0, 1,2, or 3; and
10 Rs is a polyethylene glveol comprising 1-5 repeating units or a
polypropylene glycol comprising 1-5 repeating units.
23. The method of claim 22, wherein the compound is glycerol propoxylate {e.g., My ~266),

trimethylolpropane ethoxylate {e.g., Ma ~450), pentaerythritol propoxylate, (e.g., Ma ~426), or

pentaerythritol ethoxylate, (e.g., Ma ~270).

15 24 The method of claim 22, wherein the compound is pentaerythritol propoxylate.
25, The method of any one of claims 1-23, wherein the cell media is comprised in an

oxygen permeable polymer or plastic bag or container.

26.  The method of any one of claims 1-25, wherein if the cells are platelets, then the method

comprises storing the cell media comprising the platelets at a temperature of from about 0.1 °C
20 toabout 15 °C.

27.  The method of any one of claims 1-25, wherein the cells are platelets, and wherein the

method comprises storing the cell media comprising the platelets at a temperature of from about

20 °C to about 25 °C.

28.  The method of any one of claims 26-27, wherein the method further comprises storing

25  the cell media under intermittent or constant rotation.

29. A cell media for preserving platelets, comprising:
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{(a) a polvethylene glycol having an average molecular weight of from 200 g/mol to less
than 500 g/mol in a concentration of from about 0.1% to less than 5.6%;
{(b) ACD or a mixture of phosphate buffered saline (PBS)/ ACD; and
(c) viable platelets;
wherein the viable platelets have not undergone irreversible aggregation.

30. The cell media of claim 29, wherein the polyethylene glycol has an average molecular
weight of less than 420 g/mol.

31, The cell media of claim 29, wherein the polyethylene glycol 1s PEG-200, PEG-225,
PEG-250, PEG-275, PEG-300, PEG-325, PEG-350, PEG-375, PEG-400, PEG-425, PEG-450,
PEG-475, or PEG-500,

32. The cell media of claim 31, wherein the polyethylene glycol is PEG-400.
33. The cell media of any one of claims 29-32, wherein the cell media further comprises

DMSO or B-cyclodextrin,

34, The cell media of any one of claims 29-32, wherein the cell media does not comprise

DMSO or f-cyclodextrin.

35, The cell media of any one of claims 29-33, wherein the platelets retain substantially

normal hemostatic activity when transplanted in 2 mammal.

36.  The cell media of any one of claims 29-35, wherein the media further comprises about

0.3-3% of a compound having the structure:

wherein:

Ry, R, and R3 are each independently hydrogen, a polyethylene glycol
comprising 1-5 repeating units, or a polypropylene glycol comprising -

5 repeating units; and
R is hydrogen, alkylci-i2), substituted alkylci-ig, or a <{CH2)x—Rs; wherein:

x180, 1,2, or 3; and

E
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Ras is a polyethylene glycol comprising 1-5 repeating units or a

polypropylene glveol comprising 1-5 repeating units.

37.  The cell media of claim 36, wherein the compound 1s glycerol propoxylate {e.g., M»
~266), trimethylolpropane ethoxylate (e.g., Ma ~450), pentaerythritol propoxviate, {e.g., Ma
~426), or pentaerythritol ethoxylate, (e.g., Mu ~270).
38. A cell media for preserving cells, comprising:

(a) a polyethylene glycol having an average molecular weight of from 200 g/mol to less
than 500 g/mol in a concentration of from about 0.1% to less than 5.6%; and

(¢} viable cells, wherein the viable cells are stem cells, apheresis derived hematopoietic
cells, sperm cells, hematopoietic stem cells, stem cells from cord blood, pluripotent cells,
nultipotent cells, embryonic stem cells, or induced pluripotent cells.
39. The cell media of claim 38, wherein the polyethylene glycol has an average molecular
weight of less than 420 g/mol.
40. The cell media of claim 38, wherein the polyethylene glycol is PEG-200, PEG-225,
PEG-250, PEG-275, PEG-300, PEG-325, PEG-350, PEG-375, PEG-400, PEG-425, PEG-450,
PEG-475, or PEG-500,

41 The cell media of claim 40, wherein the polyethylene glycol is PEG-400.
42, The cell media of any one of claims 38-41, wherein the media further comprises about

0.3-3% of a compound having the structure:

wherein:

Ri, Ro, and R3 are each independently hydrogen, a polyethylene glycol
comprising 1-5 repeating units, or a polypropylene glycol comprising -

5 repeating units; and
Ra 1s hydrogen, alkylici., substituted alkylciag, or a {CHz)x—Rs; wherein:

xis 0, 1,2, or 3; and
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Ras is a polyethylene glycol comprising 1-5 repeating units or a

polypropylene glveol comprising 1-5 repeating units;

43, The cell media of claim 42, wherein the compound s glycerol propoxylate {e.g., My
~266), trimethylolpropane ethoxylate (e.g., Ma ~450), pentaerythritol propoxviate, {e.g., Ma

~426), or pentaerythritol ethoxylate, (e.g., Mu ~270).

44,  The cell media of any one of claims 38-41, wherein the cell media further comprises

DMSO or B-cyclodextrin,

45.  The cell media of any one of claims 38-41, wherein the cell media does not comprise

DMSO or B-cyclodextrin.
46. A bag comprising the cell media of any one of claims 29-45.

47, The bag of claim 46, wherein the bag is further defined as a platelet bag or a platelet

collection device.

48. A method of providing platelets to a mammalian subject comprising administering a

therapeutically sufficient amount of a cell media of any one of claims 29-45.

49.  The method of claim 48, wherein the subject is a human, and wherein the cell media is

further defined as a pharmaceutically acceptable cell media.

50. The method of claim 49, wherein the pharmaceutically acceptable cell media is

formulated for intravenous administration.
51, A method for preserving cells, comprising:

{(a) admixing platelets with a cell media comprising a poly-(PEG/PPEG) derivative
having an average molecular weight of from 200 g/mol to less than 1000 g/mol in a

concentration of from about 0.1% {(wit/v) to less than 5.6 % (wt/v),

wherein the poly-(PEG/PPEG) derivative has the structure:

wherein:
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Ri, Rz, and R; are each independently hydrogen, a polyethylene glycol
comprising -5 repeating units, or a polypropylene glycol comprising |-

5 repeating units; and

R4 is hydrogen, alkylcian, substituted alkylci-iz), or a -(CHz)x—Rs;, wherein:

W

xis 0, 1,2, or 3; and

Rs 13 a polyethylene glycol comprising 1-5 repeating units or a

polypropvlene glyveol comprising 1-5 repeating units;

and

(b1} wherein if the cells are platelets, then the method comprises storing the cell media

10 comprising the platelets at a temperature of from about minus 5 °C to about 25 °C,

{b2) wherein if the cells are stem cells, apheresis derived hematopoietic cells, sperm
cells, hematopoietic stem cells, stem cells from cord blood, pluripotent cells, multipotent cells,
embryonic stem cells, or induced pluripotent cells, then the method comprises storing the cell

media comprising the platelets at a temperature of from about -157°C to about 15 °C;

15 wherein the cells are platelets, stem cells, apheresis derived hematopoietic cells, sperm
cells, hematopoietic stem cells, stem cells from cord blood, pluripotent cells, multipotent cells,
embryonic stem cells, or induced pluripotent cells.
$2. The method of claim 51, wherein the poly-(PEG/PPEG) derivative is glycerol
propoxylate (Ma ~266), trimethylolpropane ethoxylate (Mn ~450), pentaerythritol propoxylate

20 (M ~426), or pentaerythritol ethoxylate, (Me ~270).

53. The method of any one of claims 51-52, wherein the method comprises storing the cell

media comprising the platelets at a temperature of from about 0.1-15°C.

54.  The method of claim 53, wherein the method comprises intermittently or continuously
rotating the cells.

25 55, A cell media for preserving platelets, comprising;

{(a) a poly-(PEG/PPEG) derivative having an average molecular weight of trom 200
g/mol to less than 1000 g/rool in a concentration of from about 0.1% to less than 5.6%; wherein

the poly-(PEG/PPEG) derivative has the structure:



W
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R

RE?\,:{‘\/R'1

Re
wherein:

Ri, Ro, and R3 are each independently hydrogen, a polyethylene glycol
comprising 1-5 repeating units, or a polypropylene glycol comprising -

S repeating units; and
Ra1s hydrogen, alkylci-izy, substituted alkylci-i2), or a {(CHa)x—Rs;, wherein:
xis 0, 1, 2, or 3; and

Rs 13 a polyethylene glycol comprising 1-5 repeating units or a
polypropviene glyeol comprising 1-5 repeating units;

(b3 ACD or a mixture of phosphate buffered saline (PBS}/ ACD; and

{(c) viable platelets;

wherein the viable platelets have not undergone irreversible aggregation.
56. The cell media of claim 55, wherein the poly-(PEG/PPEG) derivative is glycerol
propoxylate (Mn ~266), trimethylolpropane ethoxylate (Ma ~450), pentaerythritol propoxylate
(M ~426), or pentaerythritol ethoxylate, (Mn ~270).
57. A cell media for preserving cells, comprising:

(a) a poly-(PEG/PPEQG) derivative having an average molecular weight of from 200
g/mol to less than 1000 g/mol in a concentration of from about 0.1% to less than 5.6%; wherein

the poly-(PEG/PPEG) derivative has the structure:

wherein:
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Ri, Rz, and R; are each independently hydrogen, a polyethylene glycol
comprising -5 repeating units, or a polypropylene glycol comprising |-

5 repeating units; and

R4 is hydrogen, alkylcian, substituted alkylci-iz), or a -(CHz)x—Rs;, wherein:

W

xis 0, 1,2, or 3; and

Rs 13 a polyethylene glycol comprising 1-5 repeating units or a
polypropvlene glyveol comprising 1-5 repeating units;
and
(c) viable cells, wherein the viable cells are stem cells, apheresis derived hematopoietic
10 cells, sperm cells, hematopoietic stem cells, stem cells from cord blood, pluripotent cells,
multipotent cells, embryonic stem cells, or induced pluripotent cells.
58 The cell media of claim 55, wherein the polyv-(PEG/PPEG) derivative 1s glycerol
propoxylate (Mn ~266), trumethylolpropane ethoxylate (Ma ~450), pentaerythritol
propoxylatepropoxylate (Mn ~426), pentaerythritol ethoxylateethoxylate (Ma ~270), or
15 methoxy-PEG.
59. A bag comprising the cell media of any one of claims 55-58.
60, The bag of claim 59, wherein the bag is further defined as a platelet bag or a platelet
collection device.
61. A method of providing platelets to a mammalian subject comprising administering a
20 therapeutically sufficient amount of a cell media of any one of claims 55-58.
62. A method for preserving cells, comprising:
{(a) admixing platelets with a cell media comprising
(1) a polyethylene glycol having an average molecular weight of from 200 g/mol
to fess than 1000 g/mol in a concentration of from about 0.1% (wt/v) to less than 5.6 %
25 {(wt/v}; and
{1} a cryoprotectant;

(b wherein the method comprises storing the cell media comprising the platelets at a

-

temperature of from about -0.5 °C to about 0 °C;

54
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wherein the cells are platelets, stem cells, apherests derived hematopoietic cells, sperm
cells, hematopoietic stem cells, stem cells from cord blood, pluripotent cells, multipotent cells,

embryonic stem cells, or induced pluripotent.

63. The method of claim 02, wherein the cryoprotectant is glycerol, DMSO, or a poly-

(PEG/PPEG) derivative.

64.  The method of claim 63, wherein the cryoprotectant is glycerol.

65, The method of claim 64, wherein the cell media comprises about 3-12% glycerol.
66, The method of claim 63, wherein the cryoprotectant 1s DMSQ.

67. The method of claim 66, wherein the cell media comprises about 0.5-7% DMSO.

68 The method of claim 63, wherein the cryoprotectant is the poly-(PEG/PPEG)

derivative, wherein the poly-(PEG/PPEG) derivative is pentaerythritol ethoxylate.

69. The method of claim 64, wherein the cell media comprises about 0.3-3%

pentaerythritol ethoxylate.

53






66666666666666666666666666

PCT
L . ~
S\\ \.\\\:\_\:‘. \-\Q‘\\‘\S\\ %2 X R - \\ \
L . L
s X 3 \ R \\\.\ \ 2
SR S R Q\.\'\\%\ N 3
e Tlhlaaahhhan
\\_ \:'-3'%'"\} \_\\_\\- -::1\\\‘2\;\\ \\ 3 N N X
. . .
S N S \\\\\\ A
g\\\\ h \ T s N \\\\\ ikt X X
N RS \\\\ TS N
\\\ S \‘\\.\\\“\-\\\ \\\‘}\?\\*\% R \.'\\\.\\\\\\,\ x\ \\\\\ \
N §§\\ R \\\\ \\ X
N . Tl > \
BRRER R R R NN
\\\N \\ \Q\ T e . \\\ \
T N X
\@\ O $\\\\ NN \\\§ X\
3 s SR \\§ R X AN
R R 5 N Q\\\“ Q\%‘R\\\ \\ RN N X
X T X DN N
a N S ‘\q:\ \\\\- _TRn__ani \
T L T N
N O R AN
\\\\ \\\\\ N X N \ 3 N
L
i \\ ) .‘\-.\ R S = 2 N \:\\\\ N X 3 -\\.
L
i A R \c-\\\ R
T D - TN X N
S Ml X X
:\.-Q\:t:: %b\-\ W \\\\\\ﬁ‘i\-Q‘ \i\\\\x- X \\\{"\ ""\\\\\\ R \\\Q
I A\ N

FIG. 2,
R
RS \ . 3
R \\\\ 3
R \
.
- \\

FIG. 2B



WO 2016/164693

Optical density at 690 nm.

86

d

A0

Control platelets

e
I
e ; o
;
:
!
T !
4
b i o
?
!
;
;
:
- ; -
;
;
;
;
;
;
Ay ; peee
;
i
]
!
]
i
]
i
e i =
!
!
]
!
:
]
i
g N ——

0 control vs. 10 ug/ml
Epincphrine addition

P=0.18 (NS)

%)
.85

S

Rl

PEG 2% platelets

9

0 control vs. 10 ug/mi
Epincphrine addition

P=0.019

FiG. 3

3

17

PCT/US2016/026597



WO 2016/164693 PCT/US2016/026597

Control - 20x photo

1.5% PEG test solution — 20x photo

FiG. 4

4/17



WO 2016/164693 PCT/US2016/026597

Fi1G. 8A. Control.

¥z, 538 PEG test solution.



666666666666666666666666666666




WO 2016/164693 PCT/US2016/026597

FIG. 6B.

77



WO 2016/164693 PCT/US2016/026597

FiG. oC

8/17



WO 2016/164693 PCT/US2016/026597

Change in blotter weight (grams)

B -
iz o
A6 |
A8 —
RE N o .
WL

A vs (C
A= 0 PEG control vs. C= 1% PEG-400 (P = 0.021)

FiG. 7



WO 2016/164693 PCT/US2016/026597

Blotter weight - grams

Al :
ul I
RS : :
8 : :
RGN -
42 N w

13 day same expetiment controlvs 1% PEG400

FiG. 8



PCT/US2016/026597

WO 2016/164693

Combined data fron

wied t-iest performend a 2005 6o L3 REAR- 20

attinde xS BEGLn S thR il Higpathecks bRy

5 \:«Sn.wm %

S RAEREEE ney DUARDE

R Rt LA AV A RN lm\\\.\\z‘m.\c R S A AN AT AP
Hiean=.
.U.u
Srm J.umwa W m. xRS w .wmm .“u“m

W = PR D e = 2. BB TS

.&mai;: PR e

‘Fyerage Apsouks Devptin from Meden= L1572

T3 ¥ AIBAE L

DiatE Redererge ABE

& iz the contral

day 11 and day 13

el £l oy
5w .
2% i sxinnd
g
e i
w3
z mm s 5
.k

6 T 7

07 Ms,” .

A ows LD
Condition A vs C combined 11 and 13 daydata
Ceontains 1% PEG-400

FiG. ¢

1117

SUBSTITUTE SHEET (RULE 26)



WO 2016/164693

Ril

Grams

Control platelets vs No platelet intervention, P = 0.0002

FIiG. 16

PCT/US2016/026597



WO 2016/164693 PCT/US2016/026597

48 -
6 !
wl |
ok !
Wl !
o | !
06 : :
A4 : :
Grams i ]

Control platelets vs. 1% PEG-400 (£ =0.27 N§)

FiG. 11



WO 2016/164693 PCT/US2016/026597

Combined 11 —- 13 day Room Temperature results:

" at\ﬁ B L s
SEER :

A6 -

02 l -

Control platelets vs. 1% PEG-400 (£ = 0.008)
Note: includes roultiple RT studies at days 11-13

Grams

FiG. 12



WO 2016/164693 PCT/US2016/026597

L i
20 .
15 =
10 - -

T i

! L
05 -

Grams

Control 5°C standard vs. 5°C 2% PEG-400 platelets at 19 days. (P=0.014)

FiG. 13



WO 2016/164693 PCT/US2016/026597
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