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Cryopreserved Platelet Compositions and Methods For Making

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application No.
62/711,193, filed July 27, 2018, which is incorporated by reference in its entirety

herein.
TECHNICAL FIELD

[0002] The present disclosure relates to the field of blood and blood products.
More specifically, it relates to cryopreserved platelet and cryopreserved platelet
compositions, including those containing stabilized platelets or compositions derived

from platelets.

BACKGROUND

[0003] Platelets in a liquid stored apheresis form are used to treat blood-related
issues, such as hemorrhages and thrombocytopenia. Typically, the platelets used in
blood-related treatments have a shelf life of five days. This limits the availability of
platelets for blood-related treatments. The short shelf life can also render 10-20% of
available platelet collections unusable, causing about 200 million dollars to be lost

annually.

[0004] Cryopreserved platelets are an alternative form of platelets. Unlike liquid-
stored apheresis platelets, cryopreserved platelets can have a longer shelf life, e.g., a
shelf-life of at least 6 months. Cryopreserved platelets can therefore significantly
reduce waste as well as create a more viable opportunity for a medical treatment
center to stock pile an inventory of cryopreserved platelets. Present cryopreservation

methods employ the use of dimethyl sulfoxide (DMSO) as a cryoprotectant in a slow
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freezing process. However, the toxicity of DMSO prevents the usage of or requires

that the DMSO be removed from thawed platelets prior to use in a patient.

[0005] There are currently no commercially available cryopreserved platelets

available for human transfusion.
SUMMARY

[0006] The present disclosure relates to the field of blood and blood products.
More specifically, it relates to cryopreserved platelet and cryopreserved platelet
compositions, including those containing stabilized platelets or compositions derived
from platelets. As defined herein, “cryopreserved platelet composition” is a
composition comprising cryopreserved platelets. Also as defined herein,
“cryopreserved human platelet composition” is a composition comprising

cryopreserved human platelets.

[0007] Blood is a complex mixture of numerous components. In general, blood
can be described as comprising four main parts: red blood cells, white blood cells,
platelets, and plasma. The first three are cellular or cell-like components, whereas the
fourth (plasma) is a liquid component comprising a wide and variable mixture of salts,
proteins, and other factors necessary for numerous bodily functions. The components
of blood can be separated from each other by various methods. In general, differential
centrifugation is most commonly used currently to separate the different components

of blood based on size and, in some applications, density.

[0008] Unactivated platelets, which are also commonly referred to as
thrombocytes, are small, often irregularly-shaped (e.g., discoidal or ovoidal)
megakaryocyte-derived components of blood that are involved in the clotting process.
They aid in protecting the body from excessive blood loss due not only to trauma or
injury, but to normal physiological activity as well. Platelets are considered crucial in
normal hemostasis, providing the first line of defense against blood escaping from

injured blood vessels. Platelets generally function by adhering to the lining of broken
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blood vessels, in the process becoming activated, changing to an amorphous shape,
and interacting with components of the clotting system that are present in plasma or
are released by the platelets themselves or other components of the blood. Purified
platelets have found use in treating subjects with low platelet count
(thrombocytopenia) and abnormal platelet function (thrombasthenia). Concentrated
platelets are often used to control bleeding after injury or during acquired platelet
function defects or deficiencies, for example those occurring during surgery and those
due to the presence of platelet inhibitors. The normal human circulating platelet count

is between 150,000 to 450,000 platelets per microliter (ul) of blood.

[0009] When bleeding from an injured blood vessel occurs, platelets gather at the
site of injury by binding to exposed collagen on endothelial cells, and block the out-
flow of blood from the injured blood vessel through the process of hemostasis, which
results in coagulation. Coagulation is a complex process involving platelets and
multiple proteins circulating in the blood system. Further, platelets contain a number
of important growth factors within their alpha granules that contribute to the process
of hemostasis, coagulation, and ultimately wound healing. Studies have found that
growth factors, such as platelet derived wound healing factors (PDWHF), platelet-
derived growth factor (PDGF), transforming growth factor (TGF), and insulin growth
factors (IGF), among others, are important in different stages of the wound healing

cascade and greatly influence mitogenic and cellular differentiation activities.

[0010] As discussed above, a critical function of the blood clotting system is to
stop blood loss from injured tissues, such as tissues that have been damaged by injury,
wounds, surgery, or other trauma. However, sometimes the wound or trauma is so
great that the blood system of the injured subject is unable to rapidly and effectively
stop all of the bleeding. Furthermore, while hemostasis is provided satisfactorily in
most subjects, in some subjects, hemostasis is impaired such that adequate clotting is
not provided, and extensive, sometimes deadly, bleeding occurs as a result of injury,

wounds, surgery, or other trauma. Thus, there are often times when a subject is in
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need of additional platelets or platelet-derived material to provide the clotting function

that is missing or inadequate.

[0011] In addition to their use "as is" to supply blood clotting functions to
subjects in need, platelets, including platelets, are studied extensively in the laboratory
to characterize their properties and understand their precise role in the blood clotting
cascade. Research on platelets provides information on blood clotting factors that are
supplied by the platelets, factors that interact with the platelets to promote clotting and
wound healing, and factors that are necessary to activate platelets or otherwise attract

platelets to, and retain them at, a site of injury.

[0012] Both the therapeutic and research uses for platelets require that platelets,
or compositions derived from platelets, be available in a form that is biologically
active. Currently, platelets for therapeutic uses (e.g., infusion for hemostasis) are
typically provided as freshly isolated products, which are less than five days old, and
in some cases, preferably no more than three days old. As can be immediately
recognized, maintaining an adequate supply of fresh platelets for use in subjects in
need is costly and results in loss of a large amount of platelets due to expiration prior
to use, particularly in rural settings and combat theaters. Furthermore, because fresh
platelets are so important for use in therapy, it can be difficult and expensive to obtain
fresh platelets for research purposes. The compositions and methods provided herein,
however, can provide alternatives to fresh platelets for therapy and research uses in the

medical and veterinary arts.

[0013] In one aspect, a composition can include cryopreserved platelets, and a
cryoprotectant, wherein the composition comprises less than 6% (v/v) of dimethyl
sulfoxide (DMSO).

[0014] In some embodiments, the cryopreserved platelets are cryopreserved
human platelets. In some embodiments, the composition is substantially free of
DMSO.
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[0015] In some embodiments, the cryoprotectant is present at about 1 mM to
about 1 M. In some embodiments, the cryoprotectant is present at about 10 mM 10 to
about 500 mM. In some embodiments, the cryoprotectant is present at about 20 mM to
about 200 mM. In some embodiments, the cryoprotectant is present at about 40 mM to

about 100 mM.

[0016] In some embodiments, the cryoprotectant comprises a component selected
from the group consisting of a saccharide, a monosaccharide, a disaccharide, and
combinations thereof. In some embodiments, the cryoprotectant comprises a
component selected from the group consisting of sucrose, maltose, trehalose, glucose,
mannose, xylose, dextrose, and combinations thereof. In some embodiments, the

cryoprotectant comprises a non-reducing disaccharide.

[0017] In some embodiments, the cryoprotectant comprises a polymer containing
one or more monosaccharide units. In some embodiments, the cryoprotectant
comprises a polymer derived from sucrose and epichlorohydrin. In some
embodiments, the polymer is a polysucrose. In some embodiments, the cryoprotectant
is in an amount of about 3% (w/v) to about 10% (w/v). In some embodiments, the
cryoprotectant is in an amount of about 3% (w/v) to about 7% (w/v). In some
embodiments, the cryoprotectant is in an amount of about 5% (w/v) to about 8%
(w/v). In some embodiments, the cryoprotectant comprises a high molecular weight
polymer. In some embodiments, the high molecular weight polymer has an average

molecular weight of at least about 70 kilodaltons (kDa).

[0018] In some embodiments, the cryoprotectant is selected from the group
consisting of serum albumin, dextran, polyvinyl pyrolidone (PVP), starch,
hydroxyethyl starch (HES), and combinations thereof. In some embodiments, the
cryoprotectant comprises a sugar alcohol. In some embodiments, the sugar alcohol is
selected from the group consisting of mannitol, sorbitol, xylitol, maltitol, maltitol

syrup, lactitol, erythritol, isomalt, hydrogenated starch hydrolysates, serum albumin,
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dextran, polyvinyl pyrolidone (PVP), starch, hydroxyethyl starch (HES), and

combinations thereof.

[0019] In some embodiments, the cryoprotectant comprises one or more polyols.
In some embodiments, the cryoprotectant is selected from the group consisting of
glycerol, ethylene glycol, polyethylene glycol, sorbitol, propylene glycol,
pentaerythritol, a saccharide, hydroxypropyl-B-cyclodextrin, a glycerol oligomer, and

combinations thereof. In some embodiments, the cryoprotectant comprises glycerol.

[0020] In some embodiments, the cryoprotectant is no more than about 10%
(v/v). In some embodiments, the cryoprotectant is no more than about 5% (v/v). In
some embodiments, the cryoprotectant is no more than about 1% (v/v). In some
embodiments, the cryoprotectant is in an amount of at least about 0.5% (v/v). In some
embodiments, the cryoprotectant is in an amount of at least about 1% (w/v). In some
embodiments, the cryoprotectant is in an amount of about 0.1% (v/v) to about 10%
(v/v). In some embodiments, the cryoprotectant is in an amount of about 0.5% (v/v) to
about 7% (v/v). In some embodiments, the cryoprotectant is in an amount of about

1% (v/v) to about 5% (v/v).

[0021] In some embodiments, the composition also includes a solvent. In some
embodiments, the solvent comprises water. In some embodiments, the composition
further includes a salt. In some embodiments, the salt is selected from the group
consisting of phosphate salts, sodium salts, potassium salts, calcium salts, magnesium

salts, and combinations thereof.

[0022] In some embodiments, the composition also includes a buffer material. In
some embodiments, the buffer is selected from the group consisting of phosphate
buffered saline (PBS), bicarbonate/carbonic acid, such as a sodium-bicarbonate buffer,
N-2-hydroxyethylpiperazine-N'-2- ethanesulfonic acid (HEPES), a tris-based buffer, a

tris-buffered saline (TBS), and combinations thereof.
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[0023] In some embodiments, the cryopreserved platelets comprises platelets

derived from a human.

[0024] In some embodiments, the composition is a hemostatic composition. In
some embodiments, the hemostatic composition is suitable for treating a human. In
some embodiments, the hemostatic composition is suitable for triggering clotting. In
some embodiments, the hemostatic composition is suitable for reducing or preventing

blood loss from injured tissue.

[0025] In some embodiments, the composition is stable for at least about six
months. In some embodiments, the composition is stable for at least about 12 months.

In some embodiments, the composition is stable for at least about 18 months.

[0026] In some embodiments, the DMSO present in an amount of less than 5%
(v/v). In some embodiments, the DMSO is present in an amount of less than 4% (v/v).
In some embodiments, the DMSO is present in an amount of less than 3% (v/v). In
some embodiments, the DMSQ is present in an amount of less than 2% (v/v). In some
embodiments, the DMSO is present in an amount of less than 1% (v/v). In some
embodiments, the composition contains DMSO in an amount of less 0.001% (v/v). In
some embodiments, the DMSO is in the amount of at least about 0.01% (v/v). In some
embodiments, the DMSO is in the amount of at least about 0.1% (v/v). In some
embodiments, the DMSOQ is in the amount of at least about 0.5% (v/v). In some
embodiments, the DMSO is in the amount of at least about 1% (v/v). In some
embodiments, the DMSO is in the amount of at least about 3% (v/v). In some
embodiments, the DMSO is in the amount of about 0.01% (v/v) to about 5.5% (v/v).
In some embodiments, the DMSO is in the amount of about 0.5% (v/v) to about 1%
(v/v). In some embodiments, the DMSO is in the amount of about 1% (v/v) to about
3% (v/v). In some embodiments, the DMSQO is in the amount of about 3% (v/v) to

about 5.5% (v/v). In some embodiments, the DMSQO is in the amount of about 0.5%

(v/v) to about 1% (v/v).

[0027] In a second aspect, a method of making a composition includes:
7
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obtaining platelets contained in a liquid medium,;

suspending the platelets in a suspension medium comprising a cryoprotectant, the
suspension medium comprising less than 6% (v/v) of dimethyl sulfoxide (DMSO);
and

subjecting the suspended platelets to a temperature sufficient to form a cryopreserved
platelet composition.

[0028] In some embodiments, the DMSO is in the amount of about 0.5% (v/v) to
about 1% (v/v).

[0029] In some embodiments, the obtaining comprises isolating the platelets
contained in the liquid medium. In some embodiments, the isolating comprises
applying centrifugation filtration. In some embodiments, the isolating comprises

applying tangential flow filtration.

[0030] In some embodiments, the suspension medium further comprises a salt. In
some embodiments, the salt is present in an amount of about 0.1 mg/ml to about 10
mg/ml. In some embodiments, the salt is selected from the group consisting of a
phosphate salt, a sodium salt, a potassium salt, a calcium salt, a magnesium salt, and
combinations thereof. In some embodiments, the sodium salt is sodium chloride. In

some embodiments, the potassium salt is potassium chloride.

[0031] In some embodiments, the suspension medium further comprises a
buffering component. In some embodiments, the buffering component comprises a
phosphate buffer. In some embodiments, the phosphate buffer is selected from the
group consisting of a phosphate buffered saline (PBS), a bicarbonate/carbonic acid, a
sodium-bicarbonate buffer, N-2-hydroxyethylpiperazine-N'-2- ethanesulfonic acid
(HEPES), a tris-based buffer, a tris-buffered saline (TBS), and combinations thereof.
In some embodiments, the buffering component comprises sodium bicarbonate
(NaHCO3). In some embodiments, the buffering component comprises a tris-based
buffer.
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[0032] In some embodiments, the cryoprotectant comprises a saccharide. In some
embodiments, the saccharide is selected from the group consisting of a
monosaccharide, a disaccharide, sucrose, maltose, trehalose, glucose, mannose,

dextrose, xylose, and combination thereof.

[0033] In some embodiments, the cryoprotectant comprises a polymer derived
from sucrose and epichlorohydrin. In some embodiments, the polymer is a
polysucrose. In some embodiments, the polysucrose is present in the suspension
medium in an amount equal to about 3% to about 10% (w/v) of the cryopreserved

platelet composition.

[0034] In some embodiments, the cryoprotectant comprises glycerol. In some
embodiments, the cryoprotectant is no more than about 10% (v/v). In some
embodiments, the cryoprotectant is in an amount of at least about 1% (w/v). In some
embodiments, the cryoprotectant is in an amount of about 0.1% (v/v) to about 10%

v/v).

[0035] In some embodiments, the suspension medium further comprises an
organic solvent. In some embodiments, the organic solvent is present in an amount of
about 0.1% (v/v) to about 2% (v/v) of the composition. In some embodiments, the
organic solvent is present in an amount of about 0.1% (v/v) to about 8% (v/v) of the
composition. In some embodiments, the organic solvent comprises an alcohol. In
some embodiments, the alcohol comprises a short-chain alcohol. In some
embodiments, the short-chain alcohol is selected from the group consisting of

methanol, ethanol, propanol, 1-propanol, 2-propanol, and combinations thereof.

[0036] In some embodiments, the DMSO is present in an amount of less than 1%
(v/v). In some embodiments, the DMSO is in the amount of at least about 0.1% (v/v).
In some embodiments, the DMSO is in the amount of about 0.5% (v/v) to about 5%
(v/v). In some embodiments, the DMSO is in the amount of about 1% (v/v) to about
3% (v/v).
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[0037] In some embodiments, the temperature is less than about -1 °C. In some
embodiments, the temperature is less than about -10 °C. In some embodiments, the
temperature is less than about -30 °C. In some embodiments, the temperature is less
than about -70 °C. In some embodiments, the temperature is about -70°C to about -90

°C. In some embodiments, the temperature is about -10°C to about -30 °C.
[0038] In some embodiments, the platelets are human platelets.

[0039] In a third aspect, a composition is prepared by any one of the methods
provided herein. In some embodiments, the composition contains DMSO in an amount

of less 0.001% (v/v).

[0040] In some embodiments, the cryopreserved platelet composition comprises
glycerol.
[0041] In a fourth aspect, a method of making a composition includes:

obtaining a liquid medium containing platelets;

suspending platelets in a suspension medium, the suspension medium comprising less
than about 6% (v/v) of dimethyl sulfoxide (DMSO); and

subjecting the suspended platelets in the suspension medium to a temperature suitable
for forming a cryopreserved platelet composition.

[0042] In some embodiments, the method further includes adding a pH modifier
to the liquid medium containing the platelets until the pH is less than about 7. In some
embodiments, the pH is less than than about 6.8. In some embodiments, the pH is
about 4.0 to about 7.0. In some embodiments, the pH is about 5.0 to about 7.0. In

some embodiments, the pH is about 6.6 to about 6.8.

[0043] In some embodiments, the method further includes isolating the platelets
contained in the liquid medium. In some embodiments, the isolating comprises
applying centrifugation, tangential flow filtration, or both, to the liquid medium. In
some embodiments, the suspending comprises suspending the platelets in the

suspension medium containing a concentration of 2x10? platelets per milliliter (ml).
10
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[0044] In some embodiments, the method further includes incubating the

suspended platelets at a temperature of about 37°C for about 3 hours.

[0045] In some embodiments, the method further includes placing the suspended
platelets in the suspension medium in a sealable container. In some embodiments, the
sealable container comprises a fluorinated ethylene propylene (FEP) bag, a polyvinyl
chloride (PVC) bag, or a borosilicate serum vial. In some embodiments, the suspended
platelets in the suspension medium are placed in the sealable container in an amount

of about 1x107 platelets to about 3x10"! platelets.

[0046] In some embodiments, the temperature is less than about -1 °C. In some
embodiments, the temperature is less than about -10 °C. In some embodiments, the
temperature is less than about -30 °C. In some embodiments, the temperature is less
than about -70 °C. In some embodiments, the temperature is about -70°C to about -90

°C. In some embodiments, the temperature is about -10°C to about -30 °C.

[0047] In some embodiments, the method further includes thawing the
cryopreserved platelet composition. In some embodiments, the thawing comprising
submersing the cryopreserved platelet composition in a 37°C water bath for about 8

minutes to about 10 minutes.

[0048] In some embodiments, the composition is substantially free of dimethyl
sulfoxide (DMSO). In some embodiments, the composition contains DMSO in an

amount of less 0.001% (v/v).

[0049] In some embodiments, the method does not comprise a lyophilization step.
[0050] In some embodiments, the cryopreserved platelet composition comprises
glycerol.

[0051] In a fifth aspect, a cryopreserved platelet composition may be made by a

method that includes:

11
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[0052]

a. mixing platelets with a medium comprising: i) a cryoprotectant,
such as a cryoprotectant comprising trehalose, a polysucrose, glycerol, or
combinations thereof; ii) dimethyl sulfoxide (DMSO) in an amount of less
than 6% (v/v); and iii) ethanol, to form a first mixture;

b. optionally modifying the pH of the first mixture to a desired pH;
and

c. subjecting the first mixture, or the optionally pH-modified first
mixture, to a temperature of about -1 °C or less for a predetermined time
to form the cryopreserved platelet composition,

wherein the cryopreserved platelet composition comprises
cryopreserved platelets,

wherein a first amount of trehalose is comprised in the
cryopreserved platelets and a second amount of trehalose in the
cryopreserved platelet composition is not comprised in the cryopreserved
platelets;

wherein the ratio of the first amount to the second amount of
trehalose is greater than the ratio of the first amount to the second amount
of trehalose when the composition is substantially free of at least one of
DMSO, glycerol, or ethanol.

In a sixth aspect, a cryopreserved platelet composition may be made by a

method that includes:

a. mixing platelets with a medium comprising: i) a cryoprotectant,
such as a cryoprotectant comprising trehalose, a polysucrose, glycerol, or
combinations thereof; ii) dimethyl sulfoxide (DMSQO) in an amount of less
than 6% (v/v); and iii) ethanol, to form a first mixture;

b. optionally modifying the pH of the first mixture to a desired pH;

and

12
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c. subjecting the first mixture, or the optionally pH-modified first
mixture, to a temperature of about -1 °C or less for a predetermined time
to form the cryopreserved platelet composition,

wherein the cryopreserved platelet composition comprises
cryopreserved platelets,

wherein a first amount of trehalose is comprised in the
cryopreserved platelets and a second amount of trehalose in the
cryopreserved platelet composition is not comprised in the cryopreserved
platelets;

wherein the ratio of the first amount to the second amount of
trehalose is greater than the ratio of the first amount to the second amount
of trehalose in a second platelet composition, wherein the second platelet
composition differs from the cryopreserved platelet composition only in
that the second platelet composition is made by a method in which the
medium with which the platelets are mixed in step a. does not comprise at
least one of dimethyl sulfoxide (DMSO), glycerol or ethanol.

[0053] In a seventh aspect, a cryopreserved platelet composition may be made by

a method that includes:

a. mixing platelets with a medium comprising:

i) a cryoprotectant comprising trehalose, a polysucrose, glycerol,
dimethyl sulfoxide (DMSO), or combinations thereof; wherein the sum of the
amounts of the DMSO and the glycerol is less than 15% (v/v); and

ii) ethanol,

to form a first mixture;

b. optionally modifying the pH of the first mixture to a desired pH; and
c. subjecting the first mixture, or the optionally pH-modified first mixture, to
a temperature of about -1 °C or less for a predetermined time to form the

cryopreserved platelet composition,

13
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wherein the cryopreserved platelet composition comprises cryopreserved
platelets,

wherein a first amount of trehalose is comprised in the cryopreserved platelets
and a second amount of trehalose in the cryopreserved platelet composition is not
comprised in the cryopreserved platelets;

wherein the ratio of the first amount to the second amount of trehalose is
greater than the ratio of the first amount to the second amount of trehalose when
the composition is substantially free of at least one of DMSQO, glycerol or ethanol.

[0054] In an eighth aspect, a cryopreserved platelet composition may be made by

a method that includes:

a. mixing platelets with a medium comprising:

i) a cryoprotectant comprising trehalose, a polysucrose, glycerol,
dimethyl sulfoxide (DMSO), or combinations thereof; wherein the sum of the
amounts of the DMSO and the glycerol is less than 15% (v/v); and

ii) ethanol,

to form a first mixture;

b. optionally modifying the pH of the first mixture to a desired pH; and

c. subjecting the first mixture, or the optionally pH-modified first mixture, to
a temperature of about -1 °C or less for a predetermined time to form the
cryopreserved platelet composition,

wherein the cryopreserved platelet composition comprises cryopreserved
platelets,

wherein a first amount of trehalose is comprised in the cryopreserved platelets
and a second amount of trehalose in the cryopreserved platelet composition is not
comprised in the cryopreserved platelets;

wherein the ratio of the first amount to the second amount of trehalose is
greater than the ratio of the first amount to the second amount of trehalose in a
second platelet composition, wherein the second platelet composition differs from

the cryopreserved platelet composition only in that the second platelet composition

14
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is made by a method in which the medium with which the platelets are mixed in
step a. does not comprise at least one of dimethyl sulfoxide (DMSO), glycerol, or
ethanol.

[0055] In some embodiments, the method further comprises modifying the pH of

the first mixture. In some embodiments, the pH is modified to less than 7.

[0056] In some embodiments, the method does not comprise a lyophilization step.
[0057] In some embodiments, the cryopreserved platelet composition comprises
glycerol.

[0058] In some embodiments, the amount of ethanol is less than about 8% (v/v)

of the composition.
[0059] In a ninth aspect, a cryopreserved platelet composition can include:

cryopreserved platelets;

a cryoprotectant comprising:

dimethyl sulfoxide (DMSO) in an amount of less than 6% (v/v);

trehalose; and

ethanol,

wherein an amount of intracellular trehalose present in the cryopreserved platelets,
after a predetermined time of cooling a mixture comprising platelets and the
cryoprotectant, is greater than an amount of intracellular trehalose in the
cryopreserved platelets after the same predetermined time of cooling with a
cryoprotectant that is substantially free of at least one of DMSO or ethanol.

[0060] In a tenth aspect, a cryopreserved platelet composition can include:

cryopreserved platelets;

a cryoprotectant comprising:
at least one of dimethyl sulfoxide (DMSO) or glycerol wherein the
sum of the amounts of dimethyl sulfoxide (DMSO) and glycerol is

less than 15% (v/v),
15
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trehalose; and

ethanol;
wherein an amount of intracellular trehalose present in the cryopreserved
platelets, after a predetermined time of cooling a mixture of platelets and the
cryoprotectant, is greater than an amount of intracellular trehalose in the
cryopreserved platelets after the same predetermined time of cooling with a
cryoprotectant that is substantially free of at least one of DMSO, glycerol or

ethanol.

[0061] In an eleventh aspect, a cryopreserved platelet composition can include:

1) cryopreserved platelets comprising a first amount of trehalose ;

ii) dimethyl sulfoxide (DMSO) in an amount of less than 6% (v/v);
iii) ethanol;
and
iv) a second amount of trehalose that is not comprised in the cryopreserved platelets;
wherein the ratio of the first amount to the second amount of trehalose is greater than
the ratio of the first amount to the second amount of trehalose when the composition is
substantially free of at least one of DM SO or ethanol.

[0062] In a twelfth aspect, a cryopreserved platelet composition can include:

i) cryopreserved platelets comprising a first amount of trehalose;

i1) dimethyl sulfoxide (DMSO) in an amount of less than 6% (v/v),

iii) ethanol; and

iv) a second amount of trehalose that is not comprised in the
cryopreserved platelets;

wherein the ratio of the first amount to the second amount of trehalose is
greater than the ratio of the first amount to the second amount of trehalose

in a second platelet composition, wherein the second platelet composition

16
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differs from the cryopreserved platelet composition only in that the second
platelet composition does not comprise at least one of DMSO or ethanol.

[0063] In a thirteenth aspect, a cryopreserved platelet composition can include:

1) cryopreserved platelets comprising a first amount of trehalose;

ii) at least one of dimethyl sulfoxide (DMSO) or glycerol wherein the sum
of the amounts of dimethyl sulfoxide (DMSO) and glycerol is less than
15% (v/v);

iii) ethanol; and

iv) a second amount of trehalose that is not comprised in the
cryopreserved platelets;

wherein the ratio of the first amount to the second amount of trehalose is
greater than the ratio of the first amount to the second amount of trehalose
when the composition is substantially free of at least one of DMSO,
glycerol or ethanol.

[0064] In a fourteenth aspect, a cryopreserved platelet composition can include:

1) cryopreserved platelets comprising a first amount of trehalose;
ii) at least one of dimethyl sulfoxide (DMSQO) or glycerol wherein the sum
of the amounts of dimethyl sulfoxide (DMSO) and glycerol is less than 15% (v/v);
ii1) ethanol; and
iv) a second amount of trehalose that is not comprised in the cryopreserved
platelets;
[0065] wherein the ratio of the first amount to the second amount of trehalose is
greater than the ratio of the first amount to the second amount of trehalose in a second
platelet composition, wherein the second platelet composition differs from the
cryopreserved platelet composition only in that the second platelet composition does
not comprise at least one of DMSO, glycerol or ethanol.In some embodiments, the
ethanol is about 0.01% (v/v) to about 8% (v/v) of the composition. In some
embodiments, the composition comprises about 3 mg/ml to about 300 mg/ml
trehalose. In some embodiments, the DMSO is in the amount of at least about 0.1%

17
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(v/v). In some embodiments, the DMSO is in the amount of about 0.5% (v/v) to about
5% (v/v). In some embodiments, the DMSO is in the amount of about 1% (v/v) to
about 3% (v/v). In some embodiments, the DMSO is present in an amount of less than

1% (v/v).

[0066] In some embodiments, the cryopreserved platelet composition is
substantially free of DMSQO. In some embodiments, the composition is substantially
free of glycerol. In some embodiments, the sum of the amounts of dimethyl sulfoxide
(DMSO) and glycerol is at least about 1% (v/v). In some embodiments, the
composition further comprises glycerol. In some embodiments, the glycerol is in an
amount of about 0.1% (v/v) to about 10% (v/v). In some embodiments, the glycerol is

in an amount of about 0.1% (v/v) to about 1% (v/v).

[0067] In some embodiments provided herein is a cryopreserved platelet

composition made by a method comprising:

a. mixing platelets with a cryoprotectant, such as a cryoprotectant comprising
trehalose, a polysucrose, glycerol, or a combination thereof, to form a first mixture;
and

b. subjecting the first mixture to a temperature of about -1 °C or less to form the
cryopreserved platelet composition,

wherein the cryopreserved platelet composition comprises less than 6% (v/v) of
dimethyl sulfoxide (DMSO). Accordingly, in some embodiments, the first mixture
referred to herein comprises platelets and the suspension medium comprising the
cryoprotectant.

[0068] In some embodiments provided herein is a method for the preparation of a
cryopreserved platelet composition comprising less than 6% (v/v) of dimethyl

sulfoxide (DMSQ), comprising steps a. and b. herein.

18



WO 2020/023905 PCT/US2019/043723

[0069] In some embodiments of the composition or of the method, the method
includes optionally modifying the pH of the first mixture to a desired pH, for

example, a pH less than 7.

[0070] In some embodiments of the composition or of the method, the method

does not comprise modifying the pH of the first mixture.

[0071] In some embodiments of the composition or of the method, the method

does not comprise a lyophilization step.

[0072] In some embodiments, platelets can be obtained prior to the treating step
by a separation and collection of platelets, sometimes referred to as platelet apheresis
(also referred to as "plateletpheresis"), in which the platelets are separated from whole
blood and concentrated in a suitable container. Although most of the plasma is
removed during apheresis, some plasma may still remain with the separated platelets.
Apheresis platelets can be collected from a single donor and can be equivalent to

about 4-6 pooled units.

[0073] In some embodiments provided herein, the platelets are human platelets
and the cryopreserved platelet composition is cryopreserved human platelet

composition.

[0074] In some embodiments provided herein, the platelets are not limited to
platelets obtained from humans. For example, certain embodiments provided herein
can include platelets obtained from other animal sources, such as canine platelets.
More generally, the platelets may be obtained from an FDA-regulated platelet

collection center.

[0075] Particular embodiments of the subject matter described in this document
can be implemented to optionally provide one or more of the following advantages.
First, some embodiments herein may provide cryopreserved platelets, or compositions
containing thereof, for medical treatment of a human, such as in a blood transfusion to

a human. In various embodiments, the cryopreserved platelets and/or cryopreserved
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platelet compositions provided herein can be used for medical treatment of a

mammalian subject, e.g., canine, or equine subjects.

[0076] Second, various embodiments provided herein provide cryopreserved
platelets and/or cryopreserved platelet compositions that is free of dimethyl sulfoxide
(DMSO). In some embodiments, the cryopreserved platelets and/or cryopreserved
platelet compositions contain a small amount of DMSO. For example, in some
embodiments, the cryopreserved platelets and/or cryopreserved platelet composition
contain an amount of DMSQO that is less than 2% (v/v) of the cryopreserved platelets
and/or composition. Existing cryopreserved platelet formulations are problematic
because they require a large amount of DMSO. DMSO is toxic to humans (and other
mammalian subjects) in large doses. The cryopreserved platelets and/or cryopreserved
platelet compositions provided herein therefore provide a non-toxic, safer alternative

to currently available cryopreserved platelet formulations.

[0077] Third, some embodiments provided herein include a method of
cryopreserving platelets and/or platelet compositions without introducing and using
dimethyl sulfoxide (DMSO) during cryopreserving. In some embodiments, provided
herein is a method of cryopreserving platelets and/or platelet compositions, wherein
the method does not comprise using DMSO. In some embodiments, a method of
making cryopreserved platelets and/or cryopreserved platelet compositions includes
using a small amount of DMSO. For example, in some embodiments, a method of
making cryopreserved platelets and/or cryopreserved platelet compositions includes
using an amount of DMSO that is less than 2.% (v/v) of the cryopreserved platelets
and/or composition. As discussed above, a large amount of DMSO is used for
cryopreservation and can be problematic. Because DMSO is toxic to humans (and
other mammalian subjects) in large doses, it would need to be removed from the
platelets and platelet compositions prior to being used in a patient. Thus, a method of
using lower amounts or trace amounts of DMSO to produce cryopreserved platelets

and/or cryopreserved platelet compositions advantageously yields a non-toxic, safer
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cryopreserved platelets and platelet compositions that does not require the removal of

a toxic constituent

[0078] While multiple embodiments are disclosed, still some other embodiments
of the present disclosure will become apparent to those skilled in the art from the
following detailed description, which shows and describes certain embodiments of the
disclosure. Accordingly, the drawings and detailed description are to be regarded as

exemplary in nature and not restrictive.

DESCRIPTION OF DRAWINGS
[0079] FIG. 1 is a bar graph of flow cytometry forward scattering data showing a
platelet size distribution of: (i) untreated platelets (“hIDSP”); (ii) thawed untreated
platelets ("hIDSP Thawed"); (iii) an exemplary cryopreserved platelet composition
without DMSO ("Std LB"); and (iv) an exemplary cryopreserved platelet composition
with 1 % (v/v) DMSO ("Std LB w/ 1% DMSO").

[0080] FIG. 2 is a graph plot showing size distribution data, obtained using
Thrombolux Dynamic Light Scattering, of: (i) the untreated platelets (hIDSP); (ii) the
thawed, untreated platelets (hIDSP Thawed); and the thawed exemplary cryopreserved
platelet compositions: (iii) the exemplary platelet composition without DM SO (Std
LB), and (iv) the exemplary platelet composition with 1% DMSO (Std LB w/ 1%
DMSO).

[0081] FIG. 3 is a bar graph showing the aggregation test data for (i) the untreated
platelets (hIDSP); (ii) the untreated platelets (hIDSP Thawed); and the thawed
exemplary cryopreserved exemplary platelet composition: (iii) the platelet
composition without DMSO (Std LB), and (iv) the platelet composition with 1%
DMSO (Std LB w/ 1% DMSO).

[0082] FIG. 4 is a bar graph of flow cytometry forward scattering data showing a
platelet size distribution of an exemplary DMSO-free platelet composition: (i) prior to

freezing (“Pretreat”); and for thawed exemplary DMSO-free platelet compositions that
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had been frozen at (ii) -1°C/minute (“Thawed”), (iii) -80°C (“-80C Thawed”), or (iii) -
20°C (*“-20C Thawed”).

[0083] FIG. 5 is a graph plot of Thrombolux dynamic light scattering data
showing the size distributions of the exemplary DMSO-free platelet composition prior
to freezing ("Pretreat") and for the thawed exemplary DMSO-free platelet
compositions frozen at -1°C/minute ("Thawed"), -80°C ("-80C Thawed"), or -20°C ("-
20C Thawed").

[0084] FIG. 6 is a bar graph showing the aggregation test results for the
exemplary DMSO-free platelet composition prior to freezing ("Pretreat") and for the
thawed exemplary DMSO-free platelet compositions frozen at -1°C/minute

("Thawed"), -80°C ("-80C Thawed"), or -20°C ("-20C Thawed").

[0085] FIG. 7 is a bar graph of flow cytometry forward scattering data showing a
platelet size distribution of an exemplary DMSO-free platelet composition at (i) prior
to freezing ("Pretreat"); and for exemplary thawed DMSO-free platelet compositions
subjected to a temperature of -80°C while contained in (ii) a FEP bag, (iii) PVC bag,

or (ii1) a borosilicate vial.

[0086] FIG. 8 provides a graph plot of Thrombolux dynamic light scattering data
showing the size distributions of the exemplary DMSO-free platelet composition prior
to freezing ("Pretreat") and for the exemplary thawed DMSO-free platelet
compositions subjected to a temperature of -80°C while contained in a FEP bag, PVC

bag, or borosilicate vial.

[0087] FIG. 9 is a bar graph showing aggregation test results for exemplary
DMSO-free platelet composition compositions prior to freezing ("Pretreat") and for
the exemplary thawed DMSO-free platelet compositions subjected to a temperature of
-80°C while contained in a FEP bag, PVC bag, or borosilicate vial.

[0088] FIG. 10 is a bar graph of flow cytometry forward scattering data showing

a platelet size distribution of: (i) untreated platelets ("hIDSP"); and the cryopreserved
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platelet compositions, including: (ii) the DMSO-free platelet composition (“Std LB”);
(iii) the platelet composition with 1% DMSO (“LB + 1% DMSQO”); (iv) the platelet
composition with 1% DMSO and 1% glycerol (“LB + 1% DMSO/Glycerol”); and (v)
the platelet composition with 1% glycerol (“LB + 1% glycerol).

[0089] FIG. 11 is a graph plot showing size distribution data, obtained using
Thrombolux Dynamic Light Scattering, of: (i) the untreated platelets (hIDSP) and the
cryopreserved platelet compositions, including: (ii) the DMSO-free platelet
composition (“Std LB”); (iii) the platelet composition with 1% DMSO (“LB + 1%
DMSQO”); (iv) the platelet composition with 1% DMSO and 1% glycerol (“LB + 1%
DMSO/Glycerol”); and (v) the platelet composition with 1% glycerol (“LB + 1%
glycerol).

[0090] FIG. 12 is a graph plot showing platelet activation test results specific to
CD62P expression, of: (i) the untreated platelets (hIDSP) and the cryopreserved
platelet compositions, including: (ii) the DMSO-free platelet composition (“Std LB”);
(iii) the platelet composition with 1% DMSO (“LB + 1% DMSQO”); (iv) the platelet
composition with 1% DMSO and 1% glycerol (“LB + 1% DMSO/Glycerol”); and (v)
the platelet composition with 1% glycerol (“LB + 1% glycerol).

[0091] FIG. 13 is a bar graph showing the aggregation test data for (i) the
untreated platelets (hIDSP) and the cryopreserved platelet compositions, including: (i1)
the DMSO-free platelet composition (“Std LB”); (iii) the platelet composition with 1%
DMSO (“LB + 1% DMSQ”); (iv) the platelet composition with 1% DMSO and 1%
glycerol (“LB + 1% DMSO/Glycerol”); and (v) the platelet composition with 1%
glycerol (“LB + 1% glycerol).

DETAILED DESCRIPTION
[0092] The present disclosure relates to the field of blood and blood products.
More specifically, it relates to cryopreserved platelets and cryopreserved platelet

compositions, including those containing stabilized platelets or compositions derived
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from platelets. In some embodiments, the present disclosure provides cryopreserved
platelets and cryopreserved platelet compositions containing a small amount of DMSO
(e.g., less than 2% (v/v) of DMSQ), or the present disclosure provides cryopreserved

platelets and cryopreserved platelet compositions containing no DMSO.

[0093] In some embodiments provided herein is a cryopreserved platelet

composition made by a method comprising:

a. mixing platelets with a medium comprising a cryoprotectant, such as a
cryoprotectant comprising trehalose, a polysucrose, glycerol, or combinations thereof,
to form a first mixture;

b. optionally modifying the pH of the first mixture to a desired pH; and

c. subjecting the first mixture, or the optionally pH-modified first mixture, to a
temperature of about -1 °C or less to form the cryopreserved platelet composition,
wherein the cryopreserved platelet composition comprises less than 6% (v/v) of

dimethyl sulfoxide (DMSO).

[0094] In some embodiments provided herein, the platelets are human platelets
and the cryopreserved platelet composition is cryopreserved human platelet

composition.

[0095] In some embodiments provided herein is a method for the preparation of a
cryopreserved platelet composition comprising less than 6% (v/v) of dimethyl

sulfoxide (DMSQ), comprising steps a., b. and c. herein.

[0096] In some embodiments of the composition or of the method, the method

does not comprise a lyophilization step.

[0097] In some embodiments provided herein is a cryopreserved platelet

composition comprising;

cryopreserved platelets;

a cryoprotectant comprising:
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dimethyl sulfoxide (DMSO) in an amount of less than 6% (v/v);

trehalose; and

ethanol;

wherein an amount of intracellular trehalose present in the cryopreserved platelets,
after a predetermined time of cooling a mixture of platelets and the cryoprotectant, is
greater than an amount of intracellular trehalose in the cryopreserved platelets after the
same predetermined time of cooling with a cryoprotectant that is substantially free of

at least one of DMSO or ethanol.

[0098] In some embodiments provided herein is a cryopreserved platelet

composition comprising:

cryopreserved platelets;

a cryoprotectant comprising:

at least one of dimethyl sulfoxide (DMSO) or glycerol wherein the sum of the
amounts of dimethyl sulfoxide (DMSO) and glycerol is less than 15% (v/v);

trehalose; and

ethanol;

wherein an amount of intracellular trehalose present in the cryopreserved platelets,
after a predetermined time of cooling a mixture of platelets and the cryoprotectant, is
greater than an amount of intracellular trehalose in the cryopreserved platelets after the
same predetermined time of cooling with a cryoprotectant that is substantially free of

at least one of DMSO, glycerol or ethanol.

[0099] Each platelet has an intracellular domain and an extracellular domain. As
used herein, “intracellular” refers to the domain that is inside a cell membrane, e.g.,
within a platelet membrane, and “extracellular refers to the domain that is outside of
the cell membrane, e.g., outside of the platelet membrane. In some embodiments, the
intracellular amount of trehalose in cryopreserved platelets correlates to an

intracellular concentration of trehalose that is about 0.5 to about 20 mM, or about 0.5
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to about 10 mM in the cryopreserved platelets. In some embodiments, the intracellular
concentration of trehalose in cryopreserved platelets is more than about 0.5 mM (e.g.,
more than about 1.0 mM, about 1.5 mM, about 2.0 mM, about 2.5 mM, about 3.0 mM,
about 4.0 mM, about 4.5 mM, about 5.0 mM, about 6.0 mM, about 7.0 mM, about 8
mM, about 9 mM, about 10 mM, about 11 mM, about 12 mM, about 13 mM, about 14
mM, or more than about 15 mM). In some embodiments, the total concentration of
trehalose in the cryopreserved platelet is more than about 0.5 mM (e.g., more than
about 1.0 mM, about 1.5 mM, about 2.0 mM, about 2.5 mM, about 3.0 mM, about 4.0
mM, about 4.5 mM, about 5.0 mM, about 6.0 mM, about 7.0 mM, about 8 mM, about
9 mM, about 10 mM, about 11 mM, about 12 mM, about 13 mM, about 14 mM, or
more than about 15 mM). In some more particular embodiments, the intracellular
amount and/or concentration of trehalose in the cryopreserved platelets as disclosed

herein is obtained by mixing platelets with trehalose in an amount of about 80 mM.

[00100]  In some embodiments, the predetermined time of cooling a mixture
comprising platelets and a cryoprotectant is about 1 hour to about 6 hours (e.g., from
about 1 hour to about 5 hours, from about 1 hour to about 4 hours, from about 1 hour
to about 3 hours, from about 1 hour to about 2 hours, from about 2 hours to about 6
hours, from about 2 hours to about 5 hours, from about 2 hours to about 4 hours, from
about 2 hours to about 3 hours, from about 3 hours to about 6 hours, from about 3
hours to about 5 hours, from about 3 hours to about 4 hours, from about 4 hours to
about 6 hours, from about 4 hours to about 5 hours, or from about 5 hours to about 6
hours). In some embodiments, the predetermined time is less than about 6 hours (e.g.,
less than about 5 hours, less than about 4 hours, less than about 3 hours, less than
about 2 hours, or less than about 1 hour). In some embodiments, is more than about 1
hour (e.g., more than 2 hours, more than about 3 hours, more than about 4 hours, more
than about 5 hours, or more than about 6 hours). In some more particular
embodiments, the intracellular concentration of trehalose in the cryopreserved
platelets is as disclosed herein and the total concentration of trehalose in the

cryopreserved platelets is about 80 mM. In some embodiments, the intracellular
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amount of trehalose in the cryopreserved platelets is about 0.5 to about 20 mM, or
about 0.5 to about 10 mM, following a predetermined time of cooling a mixture
comprising platelets and trehalose of about 2 hours to about 6 hours, or about 3 hours

to about 5 hours, or about 4 hours.

[00101]  In some embodiments provided herein is a cryopreserved platelet

composition comprising:

i) cryopreserved platelets comprising a first amount of trehalose;

ii) dimethyl sulfoxide (DMSO) in an amount of less than 6% (v/v);

ii1) ethanol;

and

iv) a second amount of trehalose that is not comprised in the cryopreserved platelets;
wherein the ratio of the first amount to the second amount of trehalose is greater than
the ratio of the first amount to the second amount of trehalose when the composition is

substantially free of at least one of DM SO or ethanol.

[00102]  In some embodiments provided herein is a cryopreserved platelet

composition comprising;

1) cryopreserved platelets comprising a first amount of trehalose;

i1) dimethyl sulfoxide (DMSO) in an amount of less than 6% (v/v);

iii) ethanol;

and

iv) a second amount of trehalose that is not comprised in the cryopreserved platelets;
wherein the ratio of the first amount to the second amount of trehalose is greater than
the ratio of the first amount to the second amount of trehalose in a second platelet
composition, wherein the second platelet composition differs from the cryopreserved
platelet composition only in that the second platelet composition does not comprise at

least one of DMSO or ethanol.
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[00103]  In some embodiments provided herein is a cryopreserved platelet

composition comprising;

i) cryopreserved platelets comprising a first amount of trehalose;

i1) at least one of dimethyl sulfoxide (DMSO) or glycerol wherein the sum of the
amounts of dimethyl sulfoxide (DMSO) and glycerol is less than 15% (v/v);

ii1) ethanol;

and

iv) a second amount of trehalose that is not comprised in the cryopreserved platelets;
wherein the ratio of the first amount to the second amount of trehalose is greater than
the ratio of the first amount to the second amount of trehalose when the composition is

substantially free of at least one of DMSO, glycerol or ethanol.

[00104]  In some embodiments provided herein is a cryopreserved platelet

composition comprising:

i) cryopreserved platelets comprising a first amount of trehalose;

i1) at least one of dimethyl sulfoxide (DMSO) or glycerol wherein the sum of the
amounts of dimethyl sulfoxide (DMSO) and glycerol is less than 15% (v/v);

iii) ethanol;

and

iv) a second amount of trehalose that is not comprised in the cryopreserved platelets;
wherein the ratio of the first amount to the second amount of trehalose is greater than
the ratio of the first amount to the second amount of trehalose in a second platelet
composition, wherein the second platelet composition differs from the cryopreserved
platelet composition only in that the second platelet composition does not comprise at

least one of DMSO, glycerol or ethanol.

[00105]  In some embodiments provided herein is a cryopreserved platelet

composition made by a method comprising:
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a. mixing platelets with a medium comprising: i) a cryoprotectant, such as a
cryoprotectant comprising trehalose, a polysucrose, glycerol, or combinations thereof;
ii) dimethyl sulfoxide (DMSO) in an amount of less than 6% (v/v); and iii) ethanol,

to form a first mixture;

b. optionally modifying the pH of the first mixture to a desired pH; and

c. subjecting the first mixture, or the optionally pH-modified first mixture, to a
temperature of about -1 °C or less for a predetermined time to form the cryopreserved
platelet composition,

wherein the cryopreserved platelet composition comprises cryopreserved platelets,
wherein a first amount of trehalose is comprised in the cryopreserved platelets and a
second amount of trehalose in the cryopreserved platelet composition is not comprised
in the cryopreserved platelets;

wherein the ratio of the first amount to the second amount of trehalose is greater than
the ratio of the first amount to the second amount of trehalose when the composition is

substantially free of at least one of DM SO, glycerol, or ethanol.

[00106]  In some embodiments provided herein is a cryopreserved platelet

composition made by a method comprising:

a. mixing platelets with a medium comprising: i) a cryoprotectant, such as a
cryoprotectant comprising trehalose, a polysucrose, glycerol, or combinations thereof;,
i1) dimethyl sulfoxide (DMSO) in an amount of less than 6% (v/v); and iii) ethanol,

to form a first mixture;

b. optionally modifying the pH of the first mixture to a desired pH; and

c. subjecting the first mixture, or the optionally pH-modified first mixture, to a
temperature of about -1 °C or less for a predetermined time to form the cryopreserved
platelet composition,

wherein the cryopreserved platelet composition comprises cryopreserved platelets,
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wherein a first amount of trehalose is comprised in the cryopreserved platelets and a
second amount of trehalose in the cryopreserved platelet composition is not comprised
in the cryopreserved platelets;

wherein the ratio of the first amount to the second amount of trehalose is greater than
the ratio of the first amount to the second amount of trehalose in a second platelet
composition, wherein the second platelet composition differs from the cryopreserved
platelet composition only in that the second platelet composition is made by a method
in which the medium with which the platelets are mixed in step a. does not comprise at

least one of dimethyl sulfoxide (DMSO), glycerol or ethanol.

[00107]  In some embodiments provided herein is a cryopreserved platelet

composition made by a method comprising;

a. mixing platelets with a medium comprising: i) a cryoprotectant, such as a
cryoprotectant comprising trehalose, a polysucrose, glycerol, dimethyl sulfoxide
(DMSO), or combinations thereof, wherein the sum of the amounts of dimethyl
sulfoxide (DMSO) and glycerol is less than 15% (v/v); and ii) ethanol,

to form a first mixture;

b. optionally modifying the pH of the first mixture to a desired pH; and

c. subjecting the first mixture, or the optionally pH-modified first mixture, to a
temperature of about -1 °C or less for a predetermined time to form the cryopreserved
platelet composition,

wherein the cryopreserved platelet composition comprises cryopreserved platelets,
wherein a first amount of trehalose is comprised in the cryopreserved platelets and a
second amount of trehalose in the cryopreserved platelet composition is not comprised
in the cryopreserved platelets;

wherein the ratio of the first amount to the second amount of trehalose is greater than
the ratio of the first amount to the second amount of trehalose when the composition is

substantially free of at least one of DMSO, glycerol or ethanol.
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[00108]  In some embodiments provided herein is a cryopreserved platelet

composition made by a method comprising;

a. mixing platelets with a medium comprising: i) a cryoprotectant, such as a
cryoprotectant comprising trehalose, a polysucrose, glycerol, dimethyl sulfoxide
(DMSO), or combinations thereof;, wherein the sum of the amounts of dimethyl
sulfoxide (DMSQO) and glycerol is less than 15% (v/v); and ii) ethanol,

to form a first mixture;

b. optionally modifying the pH of the first mixture to a desired pH; and

c. subjecting the first mixture, or the optionally pH-modified first mixture, to a
temperature of about -1 °C or less for a predetermined time to form the cryopreserved
platelet composition,

wherein the cryopreserved platelet composition comprises cryopreserved platelets,
wherein a first amount of trehalose is comprised in the cryopreserved platelets and a
second amount of trehalose in the cryopreserved platelet composition is not comprised

in the cryopreserved platelets;

[00109]  wherein the ratio of the first amount to the second amount of trehalose is
greater than the ratio of the first amount to the second amount of trehalose in a second
platelet composition, wherein the second platelet composition differs from the
cryopreserved platelet composition only in that the second platelet composition is
made by a method in which the medium with which the platelets are mixed in step a.

does not comprise at least one of dimethyl sulfoxide (DMSO), glycerol, or ethanol.

[00110] In some embodiments, the predetermined time to form the cryopreserved
platelet composition is about 1 hour to about 48 hours. In some embodiments, the
predetermined time to form the cryopreserved platelet composition is about 3 hours to
about 36 hours, about 6 hours to about 24 hours, about 12 hours to about 24 hours,
about 24 hours to about 36 hours, or about 24 hours to about 48 hours. In some
embodiments, the predetermined time to form the cryopreserved platelet composition
is more than about 1 hour (e.g., more than about 3 hours, about 6 hours, about 12
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hours, about 24 hours, about 36 hours or about 48 hours). In some embodiments, the
predetermined time to form the cryopreserved platelet composition is less than about
48 hours (e.g., less than about 36 hours, about 24 hours, about 12 hours, about 6 hours,

about 3 hours, or less than one hour).

[00111]  In some embodiments, the cryopreserved platelet composition comprises
about 3% to about 10% (w/v) of polysucrose and about 1.5 % to about 5% (w/v) of
trehalose. In some embodiments, the cryopreserved platelet composition comprises
polysucrose and trehalose in a ratio of about 1:1 to about 5:1 (e.g., from about 1:1 to
about 4:1, from about 1:1 to about 3:1, from about 1:1 to about 2:1, from about 2:1 to
about 5:1, from about 3:1 to about 5:1, from about 4:1 to about 5:1, from about 3:1 to
about 5:1, or from about 4:1 to about 5:1). In some embodiments, the cryopreserved
platelet composition comprises polysucrose and trehalose in a ratio in a range from
about 1:1 to about 10:1 (e.g., from about 1:1 to about 2:1, about 3:1, about 4:1, about
5:1, about 6:1, about 7:1, about 8:1, or about 9:1; from about 2:1 to about 3:1, about
4:1, about 5:1, about 6:1, about 7:1, about 8:1, about 9:1, or about 10:1; from about
3:1to about 4:1, about 5:1, about 6:1, about 7:1, about 8:1, about 9:1, or about 10:1;
from about 4:1 to about 5:1, about 6:1, about 7:1, about 8:1, about 9:1, or about v10:1;
from about 5:1 to about 6:1, about 7:1, about 8:1, about 9:1, or about 10:1; from about
6:1 to about 7:1, about 8:1, about 9:1, or about 10:1; from about 7:1 to about 8:1,
about 9:1, or about 10:1; from about 8:1 to about 9:1, or about 10:1, or from about 9:1
to about 1:10). In some embodiments, the cryopreserved platelet composition
comprises polysucrose and trehalose in a ratio in a range from about 1:1 to about 1:10
(e.g., (e.g., from about 1:1 to about 1:2, about 1:3, about 1:4, about 1:5, about 1:6,
about 1:7, about 1:8, or about 1:9; from about 1:2 to about 1:3, about 1:4, about 1:5,
about 1:6, about 1:7, about 1:8, about 1:9, or about 1:10; from about 1:3 to about 1:4,
about 1:5, about 1:6, about 1:7, about 1:8, about 1:9, or about 1:10; from about 1:4 to
about 1:5, about 1:6, about 1:7, about 1:8, about 1:9, or about 1:10; from about 1:5
about 1:6, about 1:7, about 1:8, about 1:9, or about 1:10; from about 1:6 to, about 1.7,
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about 1:8, about 1:9, or about 1:10; from about 1:7 to about 1:8, about 1:9, or about
1:10; from about 1:8 to about 1:9, or about 1:10, or from about 1:9 to about 1:10).

[00112] In some embodiments, the cryopreserved platelet composition comprises

about 6% (w/v) of polysucrose and about 3% (w/v) of trehalose.

[00113] In some embodiments, the cryopreserved platelet composition is
substantially free of polysucrose. As defined herein, the term “substantially free” in
connection with a component (such as polysucrose, trehalose, or glycerol) refers to an

amount of less about 0.001% (w/v) of the component in the composition.

[00114]  Asused herein, (w/v) refers to “weight over volume” and (v/v) refers to

“volume over volume”.

[00115]  In some embodiments, the present disclosure provides improved
compositions for treating wounds by hemostasis and treating coagulopathy, and
methods of making compositions for treating wounds and/or coagulopathy. In some
embodiments, the methods provided herein are directed to treating wounds to stop

blood loss that are rapid, effective, and suitable for use in multiple settings.

[00116]  Various embodiments in the present disclosure include cryopreserved
platelet compositions (which may also be referred to as “platelet composition”),
derived from human platelets, that can be applied in the medical art for medical
treating. The cryopreserved platelet compositions are prepared by a method that
includes suspending the platelets with a cryoprotectant and other optional components,
and subjecting the suspended platelets to a low temperature under controlled
conditions. In embodiments, the method for preparation of the platelet compositions
further includes thawing the cryopreserved platelet compositions. The cryopreserved
platelet compositions can be used for numerous purposes, including, but not limited to,
use as hemostatic agents to form clots at sites of injury involving bleeding, use for
treating coagulopathy, and use to promote tissue regeneration and healing. The

present disclosure also provides compositions and methods for preventing or treating
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expected or active excessive bleeding associated with anticoagulant therapy or other
therapies or environmental effects that result in inhibition of the clotting cascade. The
present disclosure also addresses needs in the art by providing compositions and
methods that can be used as diagnostics for detection of blood clotting disorders.
Accordingly, the present disclosure provides methods for making diagnostic

compositions and using them in methods for diagnosing bleeding disorders.

[00117]  The present disclosure further addresses needs in the medical art by
providing methods for preparing human cryopreserved platelet compositions for
storage and/or for use. For example, preparing the human cryopreserved platelet
compositions for storage can include subjecting the compositions to a low temperature
(e.g., less than -1°C), partially freezing, and/or fully freezing the compositions.
Preparing the cryopreserved platelet compositions for use can include subjecting the
compositions to a high temperature (e.g., greater than 1°C), partially thawing, and/or
fully thawing the compositions. Methods of this disclosure provide cryopreserved
platelets that are stable for extended periods of time at a wide range of temperatures.
The methods, and the compositions, also provide platelets that, upon thawing (and
optionally reconstitution), function well in the process of blood clotting, and thus can
be used successfully in therapeutic applications, such as for wound healing and
treatment of bleeding diseases and disorders in humans. Kits are provided to contain

the cryopreserved platelet compositions.

[00118]  In some embodiments, the present disclosure may address needs in the
veterinary art by providing cryopreserved platelet compositions derived from animal

(e.g., canine) platelets.

[00119]  Cryopreserved platelet compositions provided herein include platelets,
and/or platelet-derived materials. In some embodiments, the cryopreserved platelet
composition comprises human platelets. In some embodiments, the cryopreserved

platelet compositions provided herein are derived from human platelets. In some
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embodiments, the cryopreserved platelet compositions provided herein are derived

from the platelets of other animals, such as canine platelets.

[00120]  The cryopreserved platelet composition can be in a solid form (e.g., after
freezing a cryopreserved platelet composition), a liquid form (e.g., after thawing a
frozen cryopreserved platelet composition), or combinations thereof (e.g., partially
solid (frozen), partially liquid). In some embodiments, the cryopreserved platelet
composition contains less than about 10 percent (<10 wt.%), less than five percent (<

5 wt.%), or less than two percent (< 2 wt.%) residual moisture.

[00121]  The cryopreserved platelet composition, when in liquid form, can include
the thawed platelets. The liquid portion of the composition can also include water, an
aqueous liquid, blood or a blood component or fraction (such as plasma), saline,
buffered saline (e.g., phosphate buffered saline), or the like. In some embodiments, the
cryopreserved platelet composition is sterile and has less than two Endotoxin Units
(EU) per milliliter (ml) when in liquid form. The liquid form of the cryopreserved
platelet composition provided herein can include at least about 50%, or at least about

70% of the particles in the range of about 0.5 pm to about 0.9 um.

[00122]  In various embodiments, the cryopreserved platelet composition (e.g., a
frozen composition, a liquid composition, or combination thereof) contains a small
amount of DMSO, or is substantially free of DMSO. For example, in some
embodiments, the cryopreserved platelet composition contains an amount of less about
0.001% (v/v) of DMSO in the composition. In some embodiments, the cryopreserved
platelet composition includes cryopreserved platelets and a cryoprotectant, wherein
the cryopreserved platelet composition is substantially free of dimethyl sulfoxide
(DMSO). In some embodiments, a cryopreserved platelet composition includes
cryopreserved platelets, and a cryoprotectant comprising dimethyl sulfoxide (DMSO)
in an amount of less 6% (v/v). In some embodiments, the cryopreserved platelet
composition includes DMSO present in an amount of less than about 5%, about 4%,

about 3%, about 2%, or about 1% (v/v). In some embodiments, the cryopreserved
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platelet composition includes DMSO present in an amount of at least about 0.001%,
about 0.01%, about 0.1%, or about 0.5% (v/v). In some embodiments, the
cryopreserved platelet composition includes DMSO is in the amount of about 0.01%
(v/v) to about 5% (v/v), about 0.01% (v/v) to about 4% (v/v), about 0.01% (v/v) to
about 3% (v/v), about 0.01% (v/v) to about 2% (v/v), or about 0.01% (v/v) to about
1% (v/v), about 0.5% (v/v) to about 5% (v/v), about 0.5% (v/v) to about 4% (v/v),
about 0.5% (v/v) to about 3% (v/v), about 0.5% (v/v) to about 2% (v/v), or about 0.5%
(v/v) to about 1% (v/v).

[00123] Tt has been surprisingly found that the cryopreserved platelet compositions
containing a low amount of DMSO (such as from about 0.5% v/v to about 5% v/v)
exhibit desirable platelet function (e.g., size distribution, yield, and aggregation
characteristics) as compared to the untreated platelets. As used in this document,
“untreated platelets” refers to platelets contained in their original collection liquid
medium, for example, an apheresis liquid medium that may contain plasma and/or
water. In some embodiments, cryopreserved platelet compositions that are
substantially free of DMSO exhibit acceptable platelet function (e.g., size distribution,
yield, and aggregation characteristics) as compared to the untreated platelets.
Similarly, it has been surprisingly found that cryopreserved platelet compositions
containing a low amount of DMSO exhibit desirable platelet function (e.g., size
distribution, yield, and aggregation characteristics) as compared to the untreated
platelets. In some embodiments, cryopreserved platelet compositions that are
substantially free of DMSO also exhibit desirable platelet function (e.g., size
distribution, yield, and aggregation characteristics) as compared to the untreated
platelets. The cryopreserved platelet compositions provided herein can be highly
advantageous because having a reduced amount (or eliminating the presence) of
DMSO, which can be toxic in high amounts, yields compositions that can be safely
administered to a patient. Furthermore, the cryopreserved platelet compositions
provided herein can be highly advantageous because no additional processing, e.g.,

removing DMSO prior to use, is necessary for the compositions to be safely
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administered to a patient if they contain a sufficiently low amount of DMSO or no
DMSO.

[00124]  In some embodiments, the cryopreserved platelet composition provided
herein includes platelets and/or platelet-derived particles having a particle size (e.g.,
diameter, max dimension) of at least about 0.2 um (e.g., at least about 0.3 pm, at least
about 0.4 um, at least about 0.5 um, at least about 0.6 um, at least about 0.7 um, at
least about 0.8 um, at least about 0.9 pum, at least about 1.0 um, at least about 1.0 pm,
at least about 1.5 um, at least about 2.0 um, at least about 2.5 pm, or at least about 5.0
um). In some embodiments, the cryopreserved platelet composition provided herein
includes platelets having a particle size of less than about 5.0 um (e.g., less than about
2.5 um, less than about 2.0 um, less than about 1.5 um, less than about 1.0 um, less
than about 0.9 um, less than about 0.8 pum, less than about 0.7 pm, less than about 0.6
um, less than about 0.5 um, less than about 0.4 pm, or less than about 0.3 um). In
some embodiments, the cryopreserved platelet composition provided herein includes
platelets having a particle size of from about 0.3 um to about 5.0 um (e.g., from about
0.4 um to about 4.0 um, from about 0.5 um to about 2.5 um, from about 0.6 pm to
about 2.0 um, from about 0.7 pm to about 1.0 um, from about 0.5 um to about 0.9
um, or from about 0.6 um to about 0.8 um).

[00125]  In some embodiments, a cryopreserved platelet composition has at least
50% (e.g., at least about 55%, at least about 60%, at least about 65%, at least about
70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at
least about 95%, or at least about 99%) of platelets and/or platelet-derived particles in
the range of about 0.3 pm to about 5.0 um (e.g., from about 0.4 um to about 4.0 um,
from about 0.5 um to about 2.5 um, from about 0.6 um to about 2.0 pm, from about
0.7 pm to about 1.0 um, from about 0.5 um to about 0.9 um, or from about 0.6 um to
about 0.8 um). In some embodiments, the cryopreserved platelet composition has at
most 99% (e.g., at most about 95%, at most about 80%, at most about 75%, at most
about 70%, at most about 65%, at most about 60%, at most about 55%, or at most
about 50%) of platelets and/or platelet-derived particles in the range of about 0.3 pm
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to about 5.0 um (e.g., from about 0.4 um to about 4.0 um, from about 0.5 um to about
2.5 pm, from about 0.6 um to about 2.0 um, from about 0.7 pm to about 1.0 pm, from
about 0.5 um to about 0.9 um, or from about 0.6 um to about 0.8 pm). In some
embodiments, the cryopreserved platelet composition has about 50% to about 99%
(e.g., about 55% to about 95%, about 60% to about 90%, about 65% to about 85,
about 70% to about 80%) of platelets and/or platelet-derived particles in the range of
about 0.3 um to about 5.0 um (e.g., from about 0.4 pm to about 4.0 pm, from about
0.5 pm to about 2.5 um, from about 0.6 um to about 2.0 um, from about 0.7 pm to
about 1.0 um, from about 0.5 pm to about 0.9 um, or from about 0.6 um to about 0.8

pm).

[00126]  In some embodiments, the cryopreserved platelet composition retains a
sufficient level of components necessary for the blood clotting function of platelets
when introduced into subjects in need of platelet functions. The cryopreserved platelet
composition can comprise other blood components, and in particular can comprise
blood clotting factors, such as Factor VII and Factor VIII, in their normal or activated
states. These other components may be present as a result of concentrating of the
platelets or they may be added as separately purified components to the platelets prior
to or after subjecting the platelets to a low temperature or freezing the platelets. These
other blood components may be present singly (i.e., only one is present in the
composition), or multiple other blood components may be included in the composition
together with the platelets and/or platelet-derived particles. Typically, the other blood
components are included in amounts or concentrations that, when administered to a
subject, provide a detectable change in at least one physiological process of the treated

subject, or provide a known benefit.

[00127]  In various embodiments, the cryopreserved platelet composition provided

herein has a pH of less than about 5.0, about 5.5, about 6.0, about 6.5, about 7.0, about

7.5, or about 8.0. In some embodiments, the cryopreserved platelet composition

provided herein has a pH range of about 3.0 to about 9.0, about 4.0 to about 8.0, about

5.0 to about 7.0, about 6.0 to about 7.5, or about 6.5 to about 7.0, during the method of
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preparation. In some embodiments, a cryopreserved platelet composition has a pH

that is less than about 10.0 (e.g., less than about 9.5, about 9.0, about 8.5, about 8.0,
about 7.5, about 7.0, about 6.5, about 6.0, about 5.5, about 5.0, about 4.5, about 4.0,
about 3.5, about 3.0, or less).

[00128]  The cryopreserved platelet composition can be made by the processes
described herein. In some embodiments, the method includes a first step of obtaining
a composition containing platelets in a liquid medium, such as a liquid medium (e.g.,
water, plasma, or the like). Platelets can be obtained from pooled platelet
concentrates, by separation of platelet concentrates from whole blood, by

plateletphresis, or combinations thereof.

[00129]  The method can include acidifying the platelets and the liquid medium to a
desired pH level. For example, in some embodiments, a pH modifier can be added to
the platelets and the liquid medium to lower the pH of the composition to no more
than about 5.0, about 5.5, about 6.0, about 6.5, about 7.0, about 7.5, or about 8.0. In
some embodiments, the pH modifier is added in an amount such that the composition
has a pH range of about 6.0 to about 9.0, about 6.2 to about 8.0, about 6.6 to about 6.8,
or about 6.4 to about 7.4. In some embodiments, the pH modifier includes an acid
citrate dextrose (ACD) composition. In some embodiments, the ACD composition can
contain sodium citrate, citric acid, dextrose, or combinations thereof. In some
embodiments, the sodium citrate is present at about 0.01 M to about 0.8 M (e.g., from
about 0.03 M to about 0.5 M, or from about 0.05 M to about 0.1 M) in the ACD
composition. In some embodiments, the ACD composition can include sodium citrate
in an amount of about 3 mg to about 250 mg (e.g., about 5 mg to about 200 mg, about
10 mg to about 100 mg, or about 15 mg to about 50 mg) per milliliter (mL) in the
ACD composition. In some embodiments, the sodium citrate is present at about 0.01
M to about 0.7 M (e.g., from about 0.03 M to about 3.0 M, or from about 0.05 M to
about 1.0 M) in the composition. In some embodiments, the ACD composition can
include sodium citrate in an amount of about 3 mg to about 250 mg) per mL of the
ACD composition. In some embodiments, the dextrose is present at about 0.01 M to
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about 1.5 M (e.g., from about 0.03 M to about 1.0 M, from about 0.05 M to about 0.5
M, or from about 0.8 M to about 0.3 M) in the composition. In some embodiments,
the ACD composition can include sodium citrate in an amount of about 2 mg to about
200 mg (e.g., about 5 mg to about 100 mg, about 10 mg to about 50 mg, or about 15
mg to about 25 mg) per mL of the ACD composition.

[00130]  The method can include isolating the platelets, for example, by purifying
the platelets to a desired extent to form platelet rich plasma (PRP). The step of
purifying the platelets can use any method known in the art as useful for obtaining
purified platelets, including centrifugation (such as differential centrifugation) and
filtration (e.g., tangential flow filtration). In some embodiments, plateletpheresis can

be used to provide PRP.

[00131]  The method for making the cryopreserved platelet composition provided
herein can include suspending the purified platelets in a suspension medium. In
various embodiments, the suspension medium includes a cryoprotectant (e.g., a non-
reducing disaccharide) for a sufficient amount of time and at a suitable temperature to
allow for entry of the cryoprotectant into the platelets (also referred to herein as
"loading" the platelets). Accordingly, in some embodiments, the first mixture referred
to herein comprises platelets and the suspension medium comprising the
cryoprotectant. Without applicants being bound by any theory or mechanism, the
cryoprotectant is thought to stabilize proteins and other biological substances in the
interior of the platelets. The identity of the cryoprotectant is not limited as long as it
can enter the platelets and provide a cryoprotectant property. In some embodiments,
the suspension medium includes a cryoprotectant that comprises DMSO. In some

embodiments, the suspension medium is substantially free of DMSO.

[00132]  Other non-limiting examples of suitable cryoprotectants include
saccharides, such as monosaccharides and disaccharides, including sucrose, maltose,

trehalose, glucose, mannose, dextrose, xylose, and combinations thereof. In some
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embodiments, the saccharide for use in the method of preparing a cryopreserved

platelet composition provided herein is trehalose.

[00133] In some embodiments, a suitable cryoprotectant includes one or more
sugar alcohols. Non-limiting examples of sugar alcohols can include mannitol,

sorbitol, xylitol, maltitol, maltitol syrup, lactitol, erythritol, and combinations thereof.

[00134]  In various embodiments, one or more saccharides can be present in the
composition in any suitable amount. In some embodiments, the saccharide can be
present at about 1 mM to about 1 M. In embodiments, the saccharide is present at
about 10 mM to about 500 mM. In some embodiments, the saccharide is present at
about 20 mM to about 200 mM. In embodiments, the saccharide is present at about 40
mM to about 100 mM. In some embodiments, one or more saccharides are present in
about 0.04 mg/ml to about 4 mg/ml, about 0.04 mg/ml to about 0.4 mg/ml, or about
0.4 mg/ml to about 4 mg/ml in the composition. In some embodiments, one or more
saccharides are present in about 3 mg/ml to about 300 mg/ml, about 3 mg/ml to about

30 mg/ml, or about 30 mg/ml to about 300 mg/ml in the composition.

[00135]  Invarious embodiments, the saccharide is present in different specific
concentrations within the ranges recited above, and one of skill in the art can
immediately understand the various concentrations without the need to specifically
recite each herein. Where more than one saccharide is present in the composition,
each saccharide can be present in an amount according to the ranges and particular

concentrations recited above.

[00136]  In some embodiments, the cryoprotectant includes one or more polyols.
In some embodiments, suitable cryoprotectants can include glycerol (glycerin),
ethylene glycol, polyethylene glycol, sorbitol, propylene glycol, pentaerythritol, a
saccharide, hydroxypropyl-B-cyclodextrin, a glycerol oligomer, or combinations
thereof. In some embodiments, the cryoprotectant is no more than about 10% (v/v)
(e.g., no more than about 9% (v/v), 8% (v/v), 7% (v/v), 6% (v/v), 5% (v/v), 4% (v/v),

3% (vIv), 2% (vIv), 1% (v/v), 0.5% (v/v), or 0.1% (v/v). In some embodiments, the
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cryoprotectant is in an amount of at least about 1% (w/v) (e.g., at least about 2%
VIv), 3% (vIv), 4% (v/v), 5% (vIv), 6% (v/v), 7% (v/v), 8% (v/v), 9% (v/v), or 10%
(v/v)). In some embodiments, the cryoprotectant is in an amount of about 0.1% (v/v)
to about 10% (v/v). In some embodiments, the cryoprotectant is in an amount of about
0.5% (v/v) to about 7% (v/v). In some embodiments, the cryoprotectant is in an
amount of about 1% (v/v) to about 5% (v/v). In some embodiments, the glycerol is in
an amount of about 0.1% (v/v) to about 1% (v/v). Glycerol provides beneficial
properties as an antifreeze agent. It can also serve as a humectant, in some

embodiments.

[00137]  In some embodiments, the method includes suspending the purified
platelets in an aqueous suspension medium that is buffered with one or more buffering
components. The buffering component can be any buffer that is non-toxic to the
platelets and provides adequate buffering capacity to the solution at the temperatures
at which the solution will be exposed during the method provided herein. Thus, the
buffer may comprise any of the known biologically compatible buffers available
commercially, such as phosphate buffers, such as phosphate buffered saline (PBS),
bicarbonate/carbonic acid, such as sodium-bicarbonate buffer, N-2-
hydroxyethylpiperazine-N'-2- ethanesulfonic acid (HEPES), and tris-based buffers,
such as tris-buffered saline (TBS). Likewise, it may comprise one or more of the
following buffers: propane- 1,2,3-tricarboxylic (tricarballylic);
benzenepentacarboxylic; maleic; 2,2- dimethylsuccinic; EDTA; 3,3-dimethylglutaric;
bis(2-hydroxyethyl)imino- tris(hydroxymethyl)-methane (BIS-TRIS);
benzenehexacarboxylic (mellitic); N-(2- acetamido)imino-diacetic acid (ADA);
butane-1,2,3,4-tetracarboxylic; pyrophosphoric; 1,1-cyclopentanediacetic (3,3
tetramethylene-glutaric acid); piperazine-1,4-bis-(2-ethanesulfonic acid) (PIPES); N-
(2-acetamido )-2- amnoethanesulfonic acid (ACES); 1,1-cyclohexanediacetic; 3,6-
endomethylene- 1,2,3,6-tetrahydrophthalic acid (EMTA; ENDCA); imidazole;; 2-
(aminoethyl)trimethylammonium chloride (CHOLAMINE); N,N-bis(2-
hydroxyethyl)-2-aminoethanesulfonic acid (BES); 2-methylpropane-1,2,3-
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triscarboxylic (beta-methyltricarballylic ); 2-(N-morpholino)propane-sulfonic acid
(MOPS); phosphoric; and N-tris(hydroxymethyl)methyl-2-amminoethane sulfonic
acid (TES).

[00138]  In various embodiments, one or more buffering components can be
present in the composition in any suitable amount. In some embodiments, the
buffering component can be present in an amount of ] mM to 1 M. In some
embodiments, one or more buffering components are present in about 0.2 to about 20
mg/ml, or about 0.2 to about 2 mg/ml, or about 2 mg/ml to about 20 mg/ml in the
composition. In some embodiments, one or more salts are present in about 0.08 to
about 8 mg/ml, such as about 0.08 to about 0.8 mg/ml, or about 0.8 mg/ml to about 8

mg/ml in the composition.

[00139]  The method of preparing the cryopreserved platelet composition provided
herein can also comprise adding to the suspension medium one or more salts, such as
phosphate salts, sodium salts (e.g., NaCl), potassium salts (e.g., KCl), calcium salts,
magnesium salts, and any other salt that can be found in blood or blood products, or
that is known to be useful in cryopreserving platelets, or any combination of two or

more of these.

[00140] In some embodiments, the salts are present in the composition at a
concentration of about 1 mM to about 1000 mM, such as about 0.01 M to about 0.2 M.
In some embodiments, one or more salts are present in about 0.4 to about 40 mg/ml, or
about 0.4 to about 4 mg/ml, or about 4 mg/ml to about 40 mg/ml in the composition.
In some embodiments, one or more salts are present in about 0.03 to about 3 mg/ml, or
about 0.03 to about 0.3 mg/ml, or about 0.3 mg/ml to about 3 mg/ml in the

composition.

[00141] In some embodiments, these salts are present in the composition at an

amount that is about the same as is found in whole blood.
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[00142]  In some embodiments, the method for preparing a cryopreserved platelet
composition includes adding to the suspension medium an organic solvent, such as an
alcohol, such as ethanol, to the suspension medium. The organic solvent can include
one or more alcohols, e.g., short-chain alcohols, such as ethanol. Short-chain alcohols
are alcohols having 1 to 6 carbon atoms, in particular 2, 3 or 4 carbon atoms, such as
methanol, ethanol, and propanol including 1-propanol and 2-propanol, preferably
ethanol. The organic solvent may also be a mixture of different organic solvents. In
such a suspension medium, the solvent can range from 0.1 % to 5.0 % (v/v). In some
embodiments, one or more organic solvents are present in about 0.08% (v/v) to about
8% (v/v), or about 0.08% (v/v) to about 0.8% (v/v), or about 0.8% (v/v) to about 8%
(v/v) in the composition. Thus, in one embodiment, the first mixture comprises
platelets, a cryoprotectant, such as a cryoprotectant comprising trehalose, a

polysucrose, or a combination thereof, and a solvent, such as ethanol.

[00143]  The method for preparing a cryopreserved platelet composition can
include transferring the first mixture, which can comprise the suspended platelets in
the suspension medium, to a sealable container (e.g., a container closure system)
before subjecting the platelets to a low temperature, and/or freezing the platelets. In
some embodiments, the sealable container is a bag such as a fluorinated ethylene
propylene (FEP) bag or a polyvinyl chloride (PVC) bag. In some embodiments, the
sealable container is a borosilicate serum vial. The platelets and/or suspension
medium can be placed (e.g., by aliquotting) in the container at a desired dose size. In
some embodiments, the dose size of the platelets can range from about 1x107 platelets

to about 3x10'! platelets , such as about 2 x 10 platelets.

[00144]  The method further includes subjecting the first mixture in sealable

container to a low temperature that forms the cryopreserved platelet composition. In

some embodiments, the temperature freezes the suspended platelets in the suspension

medium. In some embodiments, the suspended platelets and suspension medium is

subjected to a low temperature of about or less than about -1 °C (e.g., about or less

than about -5 °C, about -10 °C, about -20 °C, about -30 °C, about -40 °C, about -50
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°C, about -60 °C, about -70 °C, about -80 °C, or about of less than about -90 °C). In
some embodiments, the first mixture is subjected to a temperature of about -70°C to
about -90 °, -50°C to about -70 °, -30°C to about -50 °, -10°C to about -30 °, or about
10°C to about -10 °C.). In some embodiments, the first mixture is subjected to a

temperature of about -80°C.

[00145]  The method for preparing the cryopreserved platelet composition for use
by thawing the frozen suspended platelets in the suspension medium. In some
embodiments, the thawing includes submersing the cryopreserved platelet composition
in a 37°C water bath for a suitable amount of time, e.g., about 8 minutes to about 10

minutes.

[00146]  In some embodiments, the cryopreserved platelet composition is the
composition obtained from subjecting a mixture containing platelets, or platelet-
derived materials, to a temperature of about -1 °C, or less. In some embodiments, the

cryopreserved platelet composition is either partially or fully frozen composition.

[00147]  In some of the embodiments wherein a cryopreserved platelet composition
is obtained by a method disclosed herein, the composition obtained from the freezing
steps is thawed to form the cryopreserved platelet composition. Thus, in such
embodiments, the method further comprises rehydrating the composition obtained

from the freezing steps, to form the cryopreserved platelet composition.

[00148]  In some embodiments, the method may optionally further include
incubating the re-suspended platelets. The step of incubating the platelets to load
them with a cryoprotectant includes incubating the platelets for a time suitable for
loading, as long as the time, taken in conjunction with the temperature, is sufficient for
the cryoprotectant to come into contact with the platelets and, preferably, be
incorporated, at least to some extent, into the platelets. In embodiments, incubation is
carried out for about 1 minute to about 180 minutes or longer. In some embodiments,
the re-suspended platelets are incubated in an air-permeable bag (e.g., FEP bag) in an

air incubator at about 37°C for about 3 hours with gentle agitation.
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[00149]  The step of incubating the platelets to load them with a cryoprotectant
includes incubating the platelets and the cryoprotectant at a temperature that, when
selected in conjunction with the amount of time allotted for loading, is suitable for
loading. In general, the composition is incubated at a temperature above freezing
(e.g., >1°C) for at least a sufficient time for the cryoprotectant to come into contact
with the platelets. In embodiments, incubation is conducted at 37°C. In certain
embodiments, incubation is performed at 20°C to 42°C. For example, in
embodiments, incubation is performed at 35°C to 40°C (e.g., 37°C) for 110 to 130
(e.g., 120) minutes.

[00150]  The method of preparing a cryopreserved platelet composition can
optionally include a protectant, such as a high molecular weight polymer, into the
loading composition. By "high molecular weight" it is meant a polymer having an

average molecular weight of about or above 70 kDa.

[00151]  Non-limiting examples of polymeric cryoprotectants are polymers
containing one or more monosaccharide units. Non-limiting examples are
polysaccharides. Non-limiting examples are polymers derived from sucrose,
epichlorohydrin, or combinations thereof. In some embodiments, the polymers are
made by the copolymerization of sucrose and epichlorohydrin, such as a polysucrose
(e.g., Ficoll® 70 and Ficoll® 400 provided by GE Healthcare Bioprocess, Uppsala,
Sweden). Although any amount of high molecular weight polymer can be used, it is
preferred that an amount be used that achieves a final concentration of about 3% to
10% (w/v), such as 3% to 7% (w/v), for example 6% (w/v). In some embodiments,
one or more polymers are present in about 6 mg/ml to about 600 mg/ml, or about 6
mg/ml to about 60 mg/ml, or about 60 mg/ml to about 600 mg/ml in the composition.
Other non-limiting examples of lyoprotectants are serum albumin, dextran, polyvinyl
pyrolidone (PVP), starch, and hydroxyethyl starch (HES). In some embodiments, a

lyoprotectant provided herein may also, or alternatively, serve as a cryoprotectant.
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[00152]  The cryopreserved platelet composition provided herein is highly stable,
having a shelf- life of at least six months or above, such as at least eighteen months, at
room temperature or below. For example, the cryopreserved platelet composition is
stable for at least six months at a temperature of about -80°C +/- 10°C. For example,
the cryopreserved platelet composition can show hemostatic triggers for primary
coagulation properties up to one year after manufacture when stored at room
temperature or below, up to 18 months at room temperature or below, or even longer.
By "stable" it is meant that the platelets of the cryopreserved platelet composition
function within the parameters mentioned above, and provide adequate hemostatic
triggers for primary coagulation. These clotting functions include hemostatic function
and primary coagulopathic function. This stability is of great advantage in providing
platelet products to those in need, particularly those found at sites some distance from
blood collection centers, those in combat theaters, and those working in disaster areas
as first responders. Furthermore, because the cryopreserved platelet composition can
be stored at room temperature up to 40°C for long-term storage and up to 80°C to
90°C for short periods of about 24 hours, complicated, bulky, or expensive containers
for storage (e.g., refrigerators) are not needed. That is, the problem of cold-chain

storage is eliminated.

[00153]  When needed for treatment of bleeding and for formation of clots, use as a
primary hemostatic agent, or for research purposes, the cryopreserved platelet
composition of this disclosure can be thawed. The thawed cryopreserved platelet
composition is considered a liquid composition according to this disclosure. In some
embodiments, the frozen compositions can be thawed to form a liquid composition at
a temperature that is above 1°C. In some embodiments, the cryopreserved platelet

composition is thawed at a temperature of about 37°C for about 8 to about 10 minutes.

[00154]  As will be recognized by those of skill in the art, the cryopreserved
platelet composition of this disclosure has the ability to act as a hemostatic agent to
form clots at sites of injury involving bleeding. This concept can be understood as use
of the composition in a method for treating bleeding or a method for treating a subject
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having a bleeding wound. In general, the method comprises contacting a site of
bleeding with a sufficient amount of a composition provided herein to reduce or stop
the bleeding. The step of contacting can be performed in any suitable way, including,
but not necessarily limited to, i) systemic administration of the composition via
intravenous infusion or bolus injection and ii) topical administration directly to the site
of bleeding. For intravenous administration, the composition is a liquid composition. It
should be noted that intravenous administration is suitable for both treating bleeding
due to a wound or other trauma and treating bleeding due to coagulopathy. For topical
administration, the cryopreserved platelet composition is a liquid composition. When
topically administering the liquid form, the composition can be dripped, sprayed, or
poured (or the equivalent) directly onto the site of bleeding. The methods of treating,
whether therapeutic or prophylactic, of this disclosure can further comprise
administering a composition provided herein a second or multiple times. Therefore,
the methods of this disclosure encompass treatment regimens in which administration
is repeated one or more times at preselected time intervals. Successive administrations
may include administration of additional components. The choice of amounts and
composition components can be selected by those of skill in the art based on various
parameters commonly considered by those of skill in the art, such as subject age,
weight, health history, clinical presentation, ancillary presentations, and the like. It is
well within the skill of those in the art to make appropriate changes and adjustments to

treatment regimens without undue experimentation.

[00155]  Certain embodiments of this disclosure provide frozen and liquid
cryopreserved platelet compositions for the treatment of drug-induced coagulopathy
and for the accelerated efficacy of procoagulant drugs. For example, the
cryopreserved platelet compositions of the invention overcome the deficiencies seen in
anticoagulant therapy subjects and other subjects showing delayed or absent clotting
by providing at least one component in the clotting cascade that is downstream of the

component that is lacking in these subjects.
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[00156]  In some embodiments, the cryopreserved platelet composition provided
herein is administered to a subject in an amount sufficient to raise the hemostatic or
coagulation properties of that subject's blood to a level that is detectably higher than it
was before administration. The method can further comprise administering other
biologically active agents, such as clotting factors and/or chemotherapeutic agents for

treatment of cancer.

[00157] In some embodiments, the cryopreserved platelet composition provided
herein provides methods of monitoring the progression of a disease or disorder of the
blood clotting system. The methods generally comprise combining a composition
provided herein with platelets and/or plasma removed from a subject suffering from
the disease or disorder to make a mixture, and determining the blood clotting ability of
the mixture. Typically, determining the blood clotting ability of the mixture indicates
the blood clotting ability of the subject's blood, and comprises assaying clotting time
of the mixture. Furthermore, typically, multiple assays are performed over time to

give an indication of progression over time.

[00158] A further aspect of this disclosure provides kits. In general, a kit of this
disclosure comprises any one of the cryopreserved platelet compositions provided
herein. The container can be any material suitable for containing the composition,
such as a vial, an ampule, or a bag. In embodiments, the container comprises a
sufficient amount of composition to perform at least one embodiment of at least one
method provided herein. Thus, the kits can be, among other things, diagnostic kits,
blood clotting monitoring kits for coagulation proteins or platelets, or drug treatment
monitoring kits. In embodiments, the container is provided as a component of a larger
kit, which includes suitable packaging and, optionally, instructions and other
information relating to use of the compositions. In embodiments, the container or kit
comprises other components, such as purified components of the clotting cascade.

The kit can be configured to supply the composition for use in in vivo treatments, for
use in in vitro diagnostics, or for use in in vitro or in vivo research. Often, the kits will
comprise some or all of the supplies and reagents to perform one or more control
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reactions to ensure the kits are performing properly and to provide baseline results
against which test samples can be compared. In embodiments, the composition is
provided in a sufficient amount to treat a subject in need of platelet function, such as a
subject undergoing surgery or having a bleeding wound. In other embodiments, a
sufficient amount of the composition is provided to perform studies on platelets or the

blood clotting system of humans, or other animals.

EXAMPLES

[00159] A further aspect of this disclosure provides kits. In general, a kit of this
disclosure comprises any one of the cryopreserved platelet compositions provided
herein. The container can be any material suitable for containing the composition,
such as a vial, an ampule, or a bag. In embodiments, the container comprises a
sufficient amount of composition to perform at least one embodiment of at least one
method provided herein. Thus, the kits can be, among other things, diagnostic kits,
blood clotting monitoring kits for coagulation proteins or platelets, or drug treatment
monitoring kits. In embodiments, the container is provided as a component of a larger
kit, which includes suitable packaging and, optionally, instructions and other
information relating to use of the compositions. In embodiments, the container or kit
comprises other components, such as purified components of the clotting cascade.

The kit can be configured to supply the composition for use in in vivo treatments, for
use in in vitro diagnostics, or for use in in vitro or in vivo research. Often, the kits will
comprise some or all of the supplies and reagents to perform one or more control
reactions to ensure the kits are performing properly and to provide baseline results
against which test samples can be compared. In embodiments, the composition is
provided in a sufficient amount to treat a subject in need of platelet function, such as a
subject undergoing surgery or having a bleeding wound. In other embodiments, a
sufficient amount of the composition is provided to perform studies on platelets or the

blood clotting system of humans, or other animals.

[00160] Example 1: Platelet Function Metrics of Low DMSO and DMSO-Free

Platelet Compositions
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[00161]  A. Sample Preparation

[00162]  Exemplary cryopreserved platelet compositions were prepared as

described herein.

[00163]  Platelets, contained in a liquid medium, obtained were untreated, human
apheresis platelet material (“hIDSP”). The untreated, apheresis platelets were
subjected to processing, including isolating platelets by applying centrifugation and
tangential flow filtration. Centrifugation was carried out at ~1500 g for 20 minutes,
with slow acceleration and braking. Following the centrifugation process, supernatant
plasma from the apheresis platelets was aspirated and disposed. Tangential flow

filtration was carried out with a 0.45um filter for >3 diavolumes.

[00164]  The liquid medium was replaced with a buffer Formulation A or
Formulation B (see Tables 1 and 2, respectively) to form exemplary platelet
compositions “Std LB” and “Std LB w/ 1% DMSO.” The platelet composition (Std
LB w/ 1% DMSO) in Formulation A contained DMSO in an amount of 1.0%
(v/v).The platelet composition (“Std LB”) in Formulation B contained no DMSO.

Each of the platelet compositions contained a concentration of 2x10° platelets/ml.

[00165]  The platelet composition was incubated in an air-permeable bag, made of

FEP material, in an air incubator at 37°C for 3 hours with gentle agitation.

[00166]  Following incubation, the platelet composition was transferred to a bag
appropriate for freezing. The platelets were aliquoted into the bag in a platelet dose

size of about 3 x 10! platelets per bag.
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[00167] TABLE 1: Components of Buffer Formulation A
Exciﬁiént “““““““ Concentration
NaCl 3.51 mg/ml
Kel 0.29 mg/ml
HEPES 1.81 mg/ml
NaHCO3 0.81 mg/ml
Dextrose 0.43 mg/‘r‘fl‘i‘
Trehalose 30.27 mg/ml
Ficol PM 400 60.00 mg/ml
Polysucrose
Ethanol 0.8% (v/v)

DMSO 1.0% (v/v)
Water Balance

[00168] TABLE 2: Components of Buffer Formulation B
Exciﬁiént 444444 Concentration
NaCl 3.51 mg/ml

.......... o 029mg/ml
.......... R 181mg/ml
“““““ NaHCO3 08l mg/ml |
......... v 0.43“‘1‘ng/m1
4444444444 T 30.2”7”ing/ml
Ficoll PM 400 60.00 mg/ml
Polysucrose
__________ D A R—
.......... G G
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[00169]  The bags containing the platelet compositions (Std LB, Std LB w/ 1%
DMSO) and untreated platelets (hIDSP Thawed) were loaded into freezer at a

temperature of -80°C to form cryopreserved platelet compositions. The bags were
loaded directly onto the freezer shelf such that the bags made full contact with the

shelf and were allowed to equilibrate for >24 hours.

[00170]  Prior to testing, the cryopreserved platelet compositions were thawed in a

37°C water bath for 8-10 minutes.

[00171]  B. Platelet Count

[00172]  The platelet compositions suspended in buffer Formulation A (with
DMSO) or Formulation B (without DMSO) were tested for platelet count (AcT Diff
Count) using an automated Coulter AcT Diff system. These platelet compositions

were compared against the untreated platelet (“hIDSP”).
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[00173]  TABLE 3: Platelet AcT Count
“““““““ AcT Count (x10° platelets/ul)
Product Post-Processing Thawed Yield
""""" hIDSP 1613 1360 84%
""""" StdiLB 1677 1537 92%
""""" Std LB w/ 1% 73S 1680 97%
DMSO
““““ [ ‘(‘)“(‘5174] Table 3 pro‘{/‘fdes platel‘é{counts obtained usir‘lgthe AcT Diff cell counter

for the untreated platelets (hIDSP), the platelet composition without DMSO (“Std
LB”), and platelet composition 1% DMSO (“Std LB w/ 1% DMSO”) before freezing

(“Post-Processing”), and after being thawing (“Thawed”). “Post-processing” refers to

platelets and platelet compositions that have been subjected to processing associated

with isolating platelets through centrifugation and/or tangential flow filtration.

[00175]

The untreated platelets (hIDSP) yielded the lowest platelet count after
being thawed. Buffer formulation A (Std LB w/ 1% DMSO) had >90% platelet

recovery after thawing.

[00176]

[00177]

C. Particle Size Distribution By Flow Cytometry Forward Scattering

Flow Cytometry Forward Scattering was performed on the samples at both

the post-processing and thawed states to determine their size distributions. The tested

samples included the (i) untreated platelets (hIDSP); (ii) the untreated apheresis

platelets (hIDSP Thawed); the exemplary DMSO-free platelet composition (Std LB),
and (iii) the exemplary platelet composition with 1% DMSO (Std LB w/ 1% DMSO).

[00178]

FIG. 1 provides a bar graph showing the platelet size distribution of (i)

untreated platelets, (ii) thawed untreated platelets, (iii) the composition without

DMSO; and (iv) the composition with 1 % (v/v) DMSO.

54



WO 2020/023905 PCT/US2019/043723

[00179]  The data demonstrated that the untreated platelets after thawing (“hIDSP
Thawed”) exhibited the largest size deviation, as compared to the initial platelet size
distribution (“hIDSP”). The data demonstrated that the cryopreserved compositions,
after being thawed, exhibited similar results, when compared to the platelet size
distribution of the untreated platelets (hIDSP). The platelet composition with 1%
DMSO (Std LB w/ 1% DMSO) appeared to exhibit platelet size distributions that were
most similar to the untreated platelets (hIDSP).

[00180]  D. Particle Size Distribution By Thrombolux Dynamic Light Scattering

[00181]  Thrombolux dynamic light scattering testing was conducted to determine
size distributions for the untreated platelets (hIDSP), the thawed, untreated apheresis
platelets (“hIDSP Thawed”), and the thawed cryopreserved platelet compositions with
1% DMSO (“Std LB w/ 1% DMSO”).

[00182]  FIG. 2 provides a graph plot of Thrombolux dynamic light scattering data
showing the size distributions the different test groups. The size distribution data, as
shown, were consistent with the data obtained from the flow cytometry testing (see
Section B, supra). The thawed hIDSP group showed the largest size deviation as
compared to the initial platelets, and also showed a large microparticle population. The
platelet composition with 1% DMSO (“Std LB w/ 1% DMSQO”) was similar to the
initial platelets size distribution. Furthermore, bimodal peaks in the size distribution
data of the “hIDSP Thawed” group indicated a significant amount of microparticle
development. The size distribution of the exemplary platelet compositions with 1%
DMSO (“Std LB w/ 1% DMSO”), however, were similar to the initial platelet size
distribution (“hIDSP”).
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[00183] TABLE 4: Thrombolux Dynamic Light Scattering Test Data

Product | Blue inté“l‘l“é‘ity Blue peak Blue m(“?yan Cyanpeak
[%] radius [nm] PDI intensity radius |
[%o] [nm]

hIDSP 94% 1455 0.1 6% 52
hIDSP | 69% 1045 05 28% o3
Thawed
SdLB | 97% 937 05 2% 52
Std LB w/ 98% 1109 0.2 2% 46
1% DMSO :

[00184]  Table 4 provides the Thrombolux size data obfained for the untreated

platelets (hIDSP) and the thawed cryopreserved platelet formulations. “Blue intensity”
represents the percent of measured particles that fall within the platelet size region;
“Blue peak radius” gives the mean size of that population; and “Blue PDI” gives the
polydispersity, or spread, of the population. The “Cyan intensity” represents the
percent of measured particles that fall below the platelet size; and “Cyan peak radius”

provides the mean size of that population.

[00185]  The data in Table 4 demonstrated the thawed hIDSP showed the most
significant size differences, as compared to the initial platelets, with only 69% of the
particles falling in the platelet region (vs. an initial 94%) and a significantly smaller
mean radius. The other thawed formulations were similar their size distributions to
the initial platelets. The exemplary platelet composition with 1% DMSO (“Std LB w/
1% DMSO”) was the most similar to the untreated platelet size distribution. The
exemplary platelet composition with 1% DMSO had the greatest proportion of platelet

sized particles and a smaller Blue PDI than the other compositions.
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[00186]  E. Platelet Aggregation Testing

[00187]  The untreated platelets and platelet compositions were subjected to
aggregometry testing. Platelet aggregation is a fundamental hemostatic function that
results from platelet activation by various agonists. In fresh platelets, aggregation can
be used to screen for functional activation and adhesion receptors on the platelet

surface.

[00188]  In turbidimetric aggregometry, light is passed through a stirred suspension
of platelets. A certain degree of light is scattered by the platelets, which reduces the
amount of light passing through the sample. This allows the amount of light that
passes through the sample, when measured, to provide an optical density measurement
associated with the sample. A high optical density (i.e., low light transmission)
indicates the presence of many individual platelets. Aggregates form when the
platelets clump together. Aggregates generally reduce the amount of light that is
scattered by the platelets, such that, in some cases, the light can pass mostly
unobstructed through the suspension. This causes a decrease in the optical density of
the sample, and yields a high light transmission. The percent of light transmission

relative to a blank (solution without platelets) is reported as the percent aggregation.

[00189]  In the Platelet Aggregation Test, the samples were prepared by diluting the
thawed platelet compositions in HEPES Modified Tyrodes Albumin Buffer (HMTA).
The proportion of thawed platelet compositions was 16% (v/v), having a count of
about 250-300,000 platelets per uL = 50,000 platelets per uL. The diluted samples
were allowed to incubate in glass cuvettes with magnetic stir bars at 37°C with stirring
for >2 minutes. The optical density (light transmission) of each sample was then
measured continuously using a Helena AggRAM machine with HemoRAM software
(version 1.3). After 2 minutes, in which a baseline was established, various agonists
were added to induce aggregation. Agonists used included: 2.5 units of thrombin, 10

ug/ml of collagen, 50 pg/ml of arachidonic acid, or 20 pM Thrombin Receptor
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Activating Peptide (TRAP-6). Samples were measured for about 10 minutes, and the
highest percent aggregation during the 10 minutes of measurement was reported in the

aggregation test results.

[00190]  FIG. 3 provides the aggregation test results for the untreated platelets
(hIDSP) and the thawed cryopreserved exemplary platelet composition with 1%
DMSO (“Std LB w/ 1% DMSQ”), and the thawed, untreated platelets (“hIDSP
Thawed”).

[00191]  The test results showed that the thawed, untreated platelets (hIDSP
Thawed) provided the lowest response in every category and was most different from
the untreated platelets (hIDSP). The platelet composition with 1% DMSO (“Std LB w/
1% DMSQO”) gave the highest response of the thawed products and was most similar
to the untreated platelets (hIDSP).

[00192]  E Summary

[00193]  Based on the test results provided in Sections B-E (supra), the
compositions containing DMSO exhibited more desirable platelet function, based on
the size distribution, yield, and aggregation test data, than the other test groups (hIDSP
and hIDSP Thawed).

[00194] Example 2: Platelet Function Metrics of DMSO-Free Platelet

Compositions

[00195]  This example provides data of platelet function (e.g., size distribution,
yield, and aggregation characteristics) of exemplary compositions containing no

DMSO when subjected to different low temperature conditions.
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[00196]  A. Sample Preparation

[00197]  Exemplary platelet compositions with no DMSO are prepared as described

below.

[00198]  Platelets contained in a liquid medium were isolated by applying
centrifugation filtration. The liquid medium was replaced with the buffer Formulation

B (see Table 2), such that the platelets were suspended in the buffer Formulation B.

[00199]  The platelet composition were subjected to different low temperature for
12 hours to form the cryopreserved platelets. The different temperatures included: (i) -
80°C following a gradual -1°C/minute temperature rate of adjustment to -70°C
(“Thawed”), (ii) -80°C (“-80C Thawed”), or (iii) -20°C (“-20C Thawed”). The -80C
Thawed and -20C Thawed samples were placed immediately in the low temperature

condition without any gradual temperature adjustment.

[00200]  After the freezing process, the platelet compositions were stored at -80C

for at least 24 hours prior to testing.

[00201]  Prior to testing, the cryopreserved platelet compositions were thawed in a

37°C water bath.

[00202]  B. Platelet Count

[00203]  The DMSO-free platelet compositions suspended in Buffer Formulation B
were tested for a platelet count (AcT Diff Counts) using an automated Coulter AcT

Diff system.
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[00204]  TABLE 5: Platelet AcT Count

“““““““ AcT Count (x10° platelets/ul)
Product Post-Processing Thawed Yield
""""" Thawed 1677 16250 97%
""""" -80C Thawed 1677 1675 100%
""""" -20C Thawed 1677 13000 78%

[00205]  Table 5 provides platelet counts by AcT Diff cell counter of the exemplary

compositions that were subject to the different temperature conditions.

[00206]  The platelet composition subjected to -20°C (-20C Thawed) exhibited the
lowest platelet yield after thawing. The remaining compositions (Thawed, -80C
Thawed) were comparable close in yield, each having a >90% platelet recovery after

thawing.

[00207]  C. Particle Size Distribution By Flow Cytometry Forward Scattering

[00208]  Flow Cytometry Forward Scattering was performed on the exemplary
DMSO-free platelet composition (i) prior to freezing (Pretreat); and on the thawed
exemplary DMSO-free platelet compositions that were frozen at (ii) -80°C following a
-1°C/minute temperature adjustment to -70°C (Thawed), (iii) -80°C (-80C Thawed), or
(iv) -20°C (-20C Thawed).

[00209]  FIG. 4 provides flow cytometry forward scattering data for a platelet size
distribution of each of the DMSO-free platelet compositions.

[00210]  The exemplary platelet composition that was subjected to a temperature -
20°C (-20C Thawed) exhibited the largest size deviation, as compared to the initial
platelet size distribution (Pretreat). The -20°C Thawed platelet composition had a
greater proportion of micro-particles than any of the other test groups (Pretreat,

Thawed, -80C Thawed).
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[00211]

[00212]

PCT/US2019/043723

D. Particle Size Distribution By Thrombolux Dynamic Light Scattering

Thrombolux dynamic light scattering testing determines size distributions

for the DMSO-free platelet compositions (i) prior to freezing (Pretreat); and for the
thawed exemplary DMSO-free platelet compositions that were frozen at (ii) -80°C
following a -1°C/minute temperature adjustment to -70°C (Thawed), (iii) -80°C (-80C
Thawed), or (iv) -20°C (-20C Thawed).

[00213]  FIG. S provides a graph plot of Thrombolux dynamic light scattering data
showing the size distributions of the different test groups. The size distribution data,
as shown, is consistent with the data obtained from the flow cytometry testing (see
Section B, supra). The platelet composition that was frozen at 20°C (-20C Thawed)
shows the largest size deviation as compared to the initial platelets (Pretreat) and has a

large microparticle population. The other platelet compositions (Thawed, -80C

Thawed) exhibit similar size distributions as compared to the initial platelets

(Pretreat).
[00214]  TABLE 6: Thrombolux Dynamic Light Scattering Test Data
~ Product Blue " Blue peal{w Blue 6§an “““ Cyan peak
intensity radius PDI intensity radius
[7o] [nm] [Yo] [nm]
Pretreat 100% 1198 03 0% 10
~ Thawed 85% 1158 05 14% 210
__________ sie sio e s G T
Thawed
""""" -20C 80% 847 05 19% S22
Thawed E E :
‘ [0021§j “““ Tabl;e‘é”f)rovides the Thrombolux sizé data for the é;émplaw DMSO-free

platelet composition (i) prior to freezing (Pretreat); and on the thawed exemplary
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DMSO-free platelet compositions that were frozen at (ii) -80°C following a -
1°C/minute temperature adjustment to -70°C (Thawed), (iii) -80°C (-80C Thawed), or
(iv) -20°C (-20C Thawed). As discussed previously, “Blue intensity” represents the
percent of measured particles that fall within the platelet size region; “Blue peak
radius” gives the mean size of that population; and “Blue PDI” gives the
polydispersity, or spread, of the population. The “Cyan intensity” represents the
percent of measured particles that fall below the platelet size; and “Cyan peak radius”

provides the mean size of that population.

[00216]  As shown in Table 6, the platelet composition that was frozen at 20°C (-
20C Thawed) exhibited the most significant size difference, as compared to the initial
platelets (Pretreat). Only 80% of the particles were in the platelet region (vs. an initial
100%), and the particles had a significantly smaller mean radius. The other platelet
compositions subjected to different freezing conditions (-80C Thawed, Thawed)

exhibit results similar to the initial platelets (Pretreat).

[00217]  E. Platelet Aggregation Testing

[00218]  Aggregometry testing was performed on the exemplary DMSO-free
platelet composition (i) prior to freezing (Pretreat); and on the thawed exemplary
DMSO-free platelet compositions that were frozen at (ii) -80°C following a -
1°C/minute temperature adjustment to -70°C (Thawed), (iii) -80°C (-80C Thawed), or
(iv) -20°C (-20C Thawed).

[00219]  FIG. 6 provides the aggregation test results of each of the exemplary

platelet compositions.

[00220]  The platelet composition that was frozen at 20°C (-20C Thawed) exhibited
the lowest response in every category (thrombin, collagen, and arachidonic acid) and
deviated the most from the initial platelets (Pretreat). The remaining platelet

compositions (-80C Thawed, Thawed) exhibited similar results as the initial platelets
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(Pretreat) when responding to thrombin, but exhibited a lower response as compared

to the initial platelets (Pretreat) when responding to collagen and arachidonic acid.

[00221]  E Summary

[00222]  Gradual and rapid freezing of the exemplary DMSO-free platelet
compositions at -80°C yielded better platelet function as measured by metrics: size
distribution, yield, and aggregation, as compared to the rapid freezing of DMSO-free

platelet compositions at -20°C.

[00223]  Example 3: Platelet Function Metrics of DMSO-Free Platelet

Compositions

[00224]  This example provides exemplary compositions containing no DMSO

when subjected to a low temperature condition in different sealed containers.

[00225]  A. Sample Preparation

[00226]  Exemplary platelet compositions were prepared as described below.
Platelets contained in a liquid medium were isolated by applying centrifugation
filtration. The liquid medium was replaced with buffer Formulation B (see Table 2),
and platelets were suspended in the buffer Formulation B. The exemplary platelet

compositions with Formulation B contained no DMSO.

[00227]  The platelet compositions were frozen at -80°C in fluorinated ethylene
propylene (FEP) bags, polyvinyl chloride (PVC) bags, or in borosilicate serum vials to

form cryopreserved platelet compositions.

[00228]  Prior to testing, the cryopreserved platelet compositions were thawed in a

37°C water bath.
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[00229]  B. Platelet Count

[00230]  Each of the platelet compositions frozen in a FEP bag, a PVC bag, or a
borosilicate vial were tested for platelet count (AcT Diff Counts) using an automated

Coulter AcT Diff system.

TABLE 7: Platelet AcT Count

ACT Count {10°3 plateletsdull

eroduct post-Processing Thawed yisld
Brafyo 1858 - e
-BGC St Sobain Thawsed 1858 1583 103%

-80C Vial Thawed 185G 1857 101%

En table 7, "8t Gobain” and “Terumo” refer to the type of container, such as a bag
or vial, used to store the samples at the desired temperature. Examples are deseribed at

bips/fwww terumobol convblood-center-serviceablood-bags | and at

hitos://eellzenix com/wp-

comtent/unloads/201 7/09/ K rvosure Kovovae Urvopreservation Brochure COX ndfl

both of which are incorporated by reference herein in their entirety.
[00231]  Table 7 provides the platelet counts obtained by the AcT Diff cell counter
for the exemplary compositions frozen in the different sealed containers (the FEP bag,

the PVC bag, or the borosilicate vial).

[00232]  The different sealed containers provided very similar yields, which were

nearly identical to the pre-freezing (“post-processing”) yields.
[00233]  C. Particle Size Distribution By Flow Cytometry Forward Scattering

[00234]  Flow Cytometry Forward Scattering was performed on the platelet
compositions prior to freezing (“Pretreat”) and for each of the platelet compositions

frozen in the FEP bag, the PVC bag, or the borosilicate vial.
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[00235]  As shown in FIG. 7, platelet compositions in the different product

containers exhibited similar size distributions.
[00236]  D. Particle Size Distribution By Thrombolux Dynamic Light Scattering

[00237]  Thrombolux dynamic light scattering testing determined the particle size
distributions for the formulated product prior to freezing (“Pretreat™) and for product

frozen in the FEP bag, the PVC bag, or the borosilicate vial.

[00238]  FIG. 8 provides a graph plot of Thrombolux dynamic light scattering data

Product Blue Blue Blue Cyan Cyan

intensity peak PDI intensity peak

[%] radius [%0] radius

: [nm] [nm]

Pretreat | 99% 1312 03 1% 21
i T T e e T — T
PVC Bag o4 1231 04 5% 118
Borosilicate  94% 1225 05 % 93
Vial i

as shown, was consistent with the flow cytometry data (see Section B, supra). All of

the compositions were similar in size distribution.
[00239]  TABLE 8: Thrombolux Dynamic Light Scattering Test Data

[00240]  Table 8 provides the Thrombolux size data for the exemplary platelet
compositions prior to freezing (“Pretreat”) and for product frozen in the FEP bag, the
PVC bag, or the borosilicate vial. As discussed previously, “Blue intensity” represents
the percent of measured particles that fall within the platelet size region; “Blue peak
radius” gives the mean size of that population; and “Blue PDI” gives the

polydispersity, or spread, of the population. The “Cyan intensity” represents the
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percent of measured particles that fall below the platelet size; and “Cyan peak radius”

provides the mean size of that population.

[00241]  The results showed that the different containers had a minimal effect on

platelet particle size.

[00242]  E. Platelet Aggregation Testing

[00243]  The platelet and platelet compositions were subjected to aggregometry
testing.

[00244]  FIG. 9 provides the aggregation test results for the exemplary platelet
compositions prior to freezing (“Pretreat”) and for product frozen in an FEP bag, PVC

bag, or borosilicate vial.

[00245]  The results showed that the different sealed containers did not impact the

aggregation response of the final product.

[00246]  E Summary

[00247]  The type of sealed container used for containing compositions during
freezing did not significantly impact the characteristics of the exemplary DMSO-free

platelet compositions.

[00248]  Example 4: Platelet Function Metrics of Platelet Compositions

Containing Low Amounts of DMSO and/or Glycerol

[00249]  A. Sample Preparation

[00250]  Exemplary cryopreserved platelet compositions were prepared as

described herein.

66



WO 2020/023905 PCT/US2019/043723

[00251]  Platelets, contained in a liquid medium, obtained were untreated, human
apheresis platelet material (“hIDSP”). For all tested compositions, the apheresis
platelets were isolated by applying centrifugation and tangential flow filtration.
Centrifugation was carried out at ~1500 g for 20 minutes, with slow acceleration and
braking. Following the centrifugation process, supernatant plasma from the apheresis
platelets was aspirated and disposed. Tangential flow filtration was carried out with a

0.45um filter for >3 diavolumes.

[00252]  For the cryopreserved platelet compositions, the original liquid medium
was replaced with a buffer Formulations A and B (see Example 1, Tables 1 and 2 of
Section A, supra), Formulation C (see Table 9 below), or Formulation D (see Table 10

below) to form the following exemplary platelet compositions:

a) “hIDSP Thawed” — A platelet composition containing isolated, untreated platelets.
This composition serves as a control in this experiment.

b) “Std LB” — A platelet composition with Formulation B, which contains no DMSO.

[00253]  c¢) “LB + 1% DMSO” — A platelet composition with Formulation A,
which contains DMSO, 1.0% (v/v).

d) “LB + 1% DMSO/Glycerol” — A platelet composition (“LB+1%
DMSO/Glycerol”) with Formulation C, which contains DMSO, 1.0% (v/v) and
glycerol, 1.0% (v/v).

e) “LB + 1% Glycerol” — A platelet composition (“LB+1% Glycerol”) with

Formulation D, which contains glycerol, 1.0% (v/v).
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TABLE 9: Components of Buffer Formulation C

[00255]

Excipient Concentration
NaCl 3.51 mg/ml
Kel 0.29 mg/ml
HEPES 1.81 mg/ml
NaHCO3 0.81 mg/ml
" Dextrose 0.43"“i‘r‘1“g/m1 ““““
““““““ Trehalose 30.2‘7‘ﬁ1g/m1
~ Ficoll P M 400 60.00 mg/ml
Polysucrose
Ethanol 0.8% (v/v)
DMSO 1.0% (v/v)
" Glycerol 1.0% (vv)
- Water Balance

TABLE 10: Components of Buffer Formulation D

Excipient Concentration
NaCl 3.51 mg/ml
K 0.29 mg/ml
HEPES 1.81 mg/ml
NaHCO3 0.81 mg/ml
G A
Trehalose 30.27 mg/ml
Ficoll PM 400 60.00 mg/ml
Polysucrose

Ethanol 0.8% (Viv)
T T AN
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““““““““““““““““““““““““““““““““““““““

[00256]  Each of the platelet compositions contained a concentration of 2x10°

platelets/ml.

[00257]  Each of the platelet compositions, with exception of the untreated platelets
(hIDSP), were incubated during recirculation in plastic bottles and tubing at room

temperature.

[00258]  Following incubation, the platelet compositions (except the untreated
platelets (hIDSP)) were transferred to a bag appropriate for freezing. The platelets
compositions were aliquoted into each bag such that the platelet dose size was about 3

x 10! platelets per bag.

[00259]  The bags containing each of the platelet compositions, with exception of
the untreated platelets (hIDSP), were loaded into freezer at a temperature of -80°C.
The bags were loaded directly onto the freezer shelf such that the bags made full

contact with the shelf and were allowed to equilibrate for >24 hours.

[00260]  Prior to testing, the platelet compositions, except for the untreated platelets
(hIDSP), were thawed in a 37°C water bath for 8-10 minutes.

[00261]  B. Platelet Count

[00262]  The untreated platelets and the cryopreserved platelet compositions were
tested for platelet count (AcT Diff Count) using an automated Coulter AcT Diff

system.
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[00263]  TABLE 11: Platelet AcT Count

“““““““ AcT Count (x10° platelets/ul)
Product Post-Processing Thawed Yield
""""" StdiLB 1930 1837 95%
""""" LB+1%DMSO | 1997 1827 91%
""""" LB + 1% Glycerol | 1957 1830 94%
.......... B T e s
DMSO/Glycerol

[00264]  Table 11 provides platelet counts obtained using the AcT Diff cell counter
for each of the exemplary platelet compositions of isolated platelets before freezing

(“Post-Processing”) and after being thawing (“Thawed”).

[00265]  The platelet compositions containing buffer Formulation A (w/ 1%
DMSO), Formulation C (w/ 1% DMSO and glycerol), and Formulation D (w/ 1%
glycerol), each had >90% platelet recovery after thawing, with the platelet
composition containing buffer Formulation C having the highest platelet recovery
(98%).

[00266]  C. Particle Size Distribution By Flow Cytometry Forward Scattering

[00267]  Flow Cytometry Forward Scattering was performed on exemplary platelet
compositions to determine platelet size distributions. The tested compositions included
the (i) untreated platelets (hIDSP); and the cryopreserved platelet compositions,
including: (ii) the DMSO-free platelet composition (Std LB); (iii) the platelet
composition with 1% DMSO (LB + 1% DMSO); (iv) the platelet composition with
1% DMSO and 1% glycerol (LB + 1% DMSO/Glycerol); and (v) the platelet

composition with 1% glycerol (LB + 1% glycerol).

[00268]  FIG. 10 provides a bar graph showing the platelet size distribution of each
of the exemplary platelet compositions.
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[00269]  The data demonstrated that the cryopreserved compositions, after being
thawed, generally exhibited similar results to another, when compared to the initial
platelet size distribution (hIDSP). The platelet compositions containing 1% DMSO
(LB + 1% DMSO, LB + 1% DMSO/Glycerol) showed platelet size distributions that
were slightly more similar to the untreated platelets (hIDSP).

[00270]  D. Particle Size Distribution By Thrombolux Dynamic Light Scattering

[00271]  Thrombolux dynamic light scattering testing was conducted to determine
size distributions for the untreated platelets (hIDSP), and each of the cryopreserved

platelet compositions.

[00272]  FIG. 11 provides a graph plot of Thrombolux dynamic light scattering data

showing the size distributions the different compositions.

1. The size distribution data using the Thrombolux dynamic light scattering showed that

each of the cryopreserved groups exhibited similar platelet size distributions.

[00273]  TABLE 12: Thrombolux Dynamic Light Scattering Test Data

Product Blue intensity Blue peak Blue PDI Cyan Cyan
[%0] radius intensity peak
[nm] [%] radius

SR Sior 556 04 i 5
DMSO |
B P 7 —— ST ; 29 .......... Y e B T

glycerol
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LBw/1%98%101704 2%

DMSO/glycerol

[00274]  Table 12 provides the Thrombolux size data obtained for the untreated

platelets (h(IDSP) and the thawed cryopreserved platelet formulations. “Blue intensity”
represents the percent of measured particles that fall within the platelet size region;
“Blue peak radius” gives the mean size of that population; and “Blue PDI” gives the
polydispersity, or spread, of the population. The “Cyan intensity” represents the
percent of measured particles that fall below the platelet size; and “Cyan peak radius”

provides the mean size of that population.

[00275]  The results provided in Table 12 demonstrated that each of the

cryopreserved platelet compositions exhibited similar size distribution data.

[00276] It can be noted that the size distribution data, as provided in FIG. 11 and
Table 12, was not fully consistent with the data obtained from the flow cytometry
testing (shown in FIG. 10 in Section B, supra). Slight differences between the flow
cytometry testing and the Thrombolux dynamic light scattering testing were likely due
to changes in the viscosity of the compositions induced by the addition of glycerol and

DMSO to some of the formulations.

[00277]  E. Activation Assessment (CD62P Expression)

[00278]  The untreated platelets and cryopreserved platelet compositions were
subjected to a platelet activation test to determine whether the compositions showed
observable reactivity to a CD62P antibody, when using flow cytometry. In particular,
the platelet compositions were observed for their reactivity to the CD62P antibody
when assayed by fluorescence using a BD Accuri C6 Plus, using BD Accuri C6 Plus

Software version 1.0.23.1.
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[00279]  FIG. 12 is a flow cytometry data of an exemplary cryopreserved platelet
compositions showing detected observable reactivity of the platelets to CD62P, which

is a mouse anti-human antibody conjugated to adenomatous polyposis coli (APC).

[00280] The results indicate that each of the cryopreserved platelet compositions
exhibited a similar percent of activation for CD62P expression. Thus the presence of
cryoprotectants such DMSO and/or glycerol do not affect the platelet activation
percentage of CD62P expression.

[00281]  FE Platelet Aggregation Testing

[00282]  The untreated platelets and cryopreserved platelet compositions were
subjected to aggregometry testing, as described in previous sections (see e.g., Example
1, Section E), when using thrombin, collagen, or arachidonic acid as stimulating

substances to induce the platelet aggregation.

[00283]  FIG. 13 provides the aggregation test results for the untreated platelets
(hIDSP) and the cryopreserved platelet compositions.

[00284]  The test results showed no significant difference in percent aggregation in
thrombin between the different cryopreserved platelet compositions. The test results,
however, showed that platelet composition containing no DMSO (Std LB) exhibited
the least amount of percent aggregation in collagen and arachidonic acid, as compared
to the other cryopreserved platelet compositions, which contained DMSO (only),
glycerol (only) or both DMSO and glycerol. The platelet compositions containing
DMSO (LB + 1% DMSO, LB + 1% DMSO /glycerol) exhibited the highest percent of

platelet aggregation by collagen and arachidonic acid.
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[00285]  G. Summary

[00286]  Based on the results provided in Sections B-F (supra), the composition
containing DMSO with glycerol (LB + 1% DMSO/glycerol), exhibited slightly better
platelet function, based on the size distribution, yield, and aggregation test data, as
compared to untreated platelets (hIDSP) and all of the other platelet compositions
(STD LB, LB + 1% DMSO, LB + 1% glycerol). The composition containing DMSO
only (LB + 1% DMSO) performed slightly better than the composition containing
glycerol only (LB + 1% glycerol) and the standard loading buffer (STD LB). The
composition containing glycerol only (LB + 1% glycerol) exhibited size distribution

and platelet yields that were most similar to the standard loading buffer (STD LB).

While the embodiments of the invention are amenable to various modifications and
alternative forms, specific embodiments have been shown by way of example in the
drawings and are described in detail below. The intention, however, is not to limit the
invention to the particular embodiments described. On the contrary, the invention is
intended to cover all modifications, equivalents, and alternatives falling within the

scope of the invention as defined by the appended claims.
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WHAT IS CLAIMED IS:

We claim:

1.

10.

11.

A composition comprising:
cryopreserved platelets; and
a cryoprotectant;

wherein the composition comprises less than 6% (v/v) of dimethyl

sulfoxide (DMSO).

The composition of claim 1, wherein the cryopreserved platelets are
cryopreserved human platelets.

The composition of claim 1 or 2, wherein the composition is substantially free
of DMSO.

The composition of any one of claims 1-3, wherein the cryoprotectant is present
at about 1 mM to about 1 M.

The composition of any one of claims 1-4, wherein the cryoprotectant is present
at about 10 mM 10 to about 500 mM.

The composition of any one of claims 1-5, wherein the cryoprotectant is present
at about 20 mM to about 200 mM.

The composition of any one of claims 1-6, wherein the cryoprotectant is present
at about 40 mM to about 100 mM.

The composition of any one of claims 1-7, wherein the cryoprotectant
comprises a component selected from the group consisting of a saccharide, a
monosaccharide, a disaccharide, and combinations thereof.

The composition of claim 8, wherein the cryoprotectant comprises a component
selected from the group consisting of sucrose, maltose, trehalose, glucose,
mannose, xylose, dextrose, and combinations thereof.

The composition of claim 8, wherein the cryoprotectant comprises a non-
reducing disaccharide.

The composition of any one of claims 1-10, wherein the cryoprotectant

comprises a polymer containing one or more monosaccharide units.
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12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

The composition of claim 11, wherein the cryoprotectant comprises a polymer
derived from sucrose and epichlorohydrin.

The composition of claim 12, wherein the polymer is a polysucrose.

The composition of claim 13, wherein the cryoprotectant is in an amount of
about 1% (w/v) to about 10% (w/v).

The composition of claim 13 or 14, wherein the cryoprotectant is in an amount
of about 3% (w/v) to about 7% (w/v).

The composition of claim 13 or 14, wherein the cryoprotectant is in an amount
of about 5% (w/v) to about 8% (w/v).

The composition of any one of claims 1-16, wherein the cryoprotectant
comprises a high molecular weight polymer.

The composition of claim 17, wherein the high molecular weight polymer has
an average molecular weight of at least about 70 kDa.

The composition of any one of claims 1-18, wherein the cryoprotectant is
selected from the group consisting of serum albumin, dextran, polyvinyl
pyrolidone (PVP), starch, hydroxyethyl starch (HES), and combinations
thereof.

The composition of any one of claims 1-19, wherein the cryoprotectant
comprises a sugar alcohol.

The composition of claim 20, wherein the sugar alcohol is selected from the
group consisting of mannitol, sorbitol, xylitol, maltitol, maltitol syrup, lactitol,
erythritol, isomalt, hydrogenated starch hydrolysates, serum albumin, dextran,
polyvinyl pyrolidone (PVP), starch, hydroxyethyl starch (HES), and
combinations thereof.

The composition of any one of claims 1-21, wherein the cryoprotectant
comprises one or more polyols.

The composition of claim 22, wherein the cryoprotectant is selected from the
group consisting of glycerol, ethylene glycol, polyethylene glycol, sorbitol,
propylene glycol, pentaerythritol, a saccharide, hydroxypropyl-B-cyclodextrin,

a glycerol oligomer, and combinations thereof.
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24.
25.

26.

The composition of claim 23, wherein the cryoprotectant comprises glycerol.
The composition of any one of claims 22-24, wherein the cryoprotectant is no
more than about 10% (v/v).

The composition of any one of claims 22-25, wherein the cryoprotectant is no

more than about 5% (v/v).

27. The composition of any one of claims 22-26, wherein the cryoprotectant is no more

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

than about 1% (v/v).

The composition of any one of claims 22-27, wherein the cryoprotectant is in
an amount of at least about 0.5% (v/v).

The composition of any one of claims 22-28, wherein the cryoprotectant is in
an amount of at least about 1% (w/v).

The composition of any one of claims 22-29, wherein the cryoprotectant is in
an amount of about 0.1% (v/v) to about 10% (v/v).

The composition of any one of claims 22-30, wherein the cryoprotectant is in
an amount of about 0.5% (v/v) to about 7% (v/v).

The composition of any one of claims 22-31, wherein the cryoprotectant is in
an amount of about 1% (v/v) to about 5% (v/v).

The composition of any one of claims 1-32, further comprising a solvent.
The composition of claim 33, wherein the solvent comprises water.

The composition of any one of claims 1-34, further comprising a salt.

The composition of claim 35, wherein the salt is selected from the group
consisting of phosphate salts, sodium salts, potassium salts, calcium salts,
magnesium salts, and combinations thereof.

The composition of any one of claims 1-36, further comprising a buffer
material.

The composition of claim 37, wherein the buffer is selected from the group
consisting of phosphate buffered saline (PBS), bicarbonate/carbonic acid, such
as a sodium-bicarbonate buffer, N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid (HEPES), a tris-based buffer, a tris-buffered saline (TBS),

and combinations thereof.
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39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

The composition of any one of claims 1-38, wherein the cryopreserved platelets
comprises platelets derived from a human.

The composition of any one of claims 1-39, wherein the composition is a
hemostatic composition.

The composition of claim 40, wherein the hemostatic composition is suitable
for treating a human.

The composition of any one of claims 29-41, wherein the hemostatic
composition is suitable for triggering clotting.

The composition of any one of claims 29-42, wherein the hemostatic
composition is suitable for reducing or preventing blood loss from injured
tissue.

The composition of any one of claims 1-43, wherein the composition is stable
for at least about six months.

The composition of any one of claims 1-44, wherein the composition is stable
for at least about 12 months.

The composition of any one of claims 1-45, wherein the composition is stable
for at least about 18 months.

The composition of any one of claims 1 or 3-46, wherein the DMSO present in
an amount of less than 5% (v/v).

The composition of any one of claims 1 or 3-47, wherein the DM SO is present
in an amount of less than 4% (v/v).

The composition of any one of claims 1 or 3-48, wherein the DMSO is present
in an amount of less than 3% (v/v).

The composition of any one of claims 1 or 3-49, wherein the DMSO is present
in an amount of less than 2% (v/v).

The composition of any one of claims 1 or 3-50, wherein the DMSO is present
in an amount of less than 1% (v/v).

The composition of any one of claims 1-51, wherein the composition contains

DMSO in an amount of less 0.001% (v/v).
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53.  The composition of any one of claims 1, 2, or 4-52, wherein the DMSO is in the
amount of at least about 0.01% (v/v).
54.  The composition of any one of claims 1, 2, or 4-46, wherein the DMSO is in the
amount of at least about 0.1% (v/v).
55.  The composition of any one of claims 1, 2, or 4-46, wherein the DMSO is in the
amount of at least about 0.5% (v/v).
56.  The composition of any one of claims 1, 2, or 4-46, wherein the DMSO is in the
amount of at least about 1% (v/v).
57.  The composition of any one of claims 1, 2, or 4-46, wherein the DMSO is in the
amount of at least about 3% (v/v).
58.  The composition of any one of claims 1, 2, or 4-46, wherein the DMSO is in the
amount of about 0.01% (v/v) to about 5.5% (v/v).
59.  The composition of any one of claims 1, 2, or 4-46, wherein the DMSO is in the
amount of about 0.5% (v/v) to about 1% (v/v).
60.  The composition of any one of claims 1, 2, or 4-46, wherein the DMSO is in the
amount of about 1% (v/v) to about 3% (v/v).
61.  The composition of any one of claims 1, 2, or 4-46, wherein the DMSQO is in the
amount of about 3% (v/v) to about 5.5% (v/v).
62.  The composition of any one of claims 1, 2, or 4-46, wherein the DMSO is in the
amount of about 0.5% (v/v) to about 1% (v/v).
63. A method of making a composition, the method comprising:
obtaining platelets contained in a liquid medium,;
suspending the platelets in a suspension medium comprising a cryoprotectant,
the suspension medium comprising less than 6% (v/v) of dimethyl sulfoxide
(DMSO); and
subjecting the suspended platelets to a temperature sufficient to form a
cryopreserved platelet composition.
64.  The method of claim 63, wherein the obtaining comprises isolating the platelets

contained in the liquid medium.
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65.

60.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

The method of claim 64, wherein the isolating comprises applying
centrifugation filtration.

The method of claim 65, wherein the isolating comprises applying tangential
flow filtration.

The method of any one of claims 63-66, wherein the suspension medium
further comprises a salt.

The method of claim 67, wherein the salt is present in an amount of about 0.1
mg/ml to about 10 mg/ml.

The method of claim 67 or 68, wherein the salt is selected from the group
consisting of a phosphate salt, a sodium salt, a potassium salt, a calcium salt, a
magnesium salt, and combinations thereof.

The method of claim 69, wherein the sodium salt is sodium chloride.

The method of claim 70, wherein the potassium salt is potassium chloride.
The method of any one of claims 63-71, wherein the suspension medium
further comprises a buffering component.

The method of claim 72, wherein the buffering component comprises a
phosphate buffer.

The method of claim 73, wherein the phosphate buffer is selected from the
group consisting of a phosphate buffered saline (PBS), a bicarbonate/carbonic
acid, a sodium-bicarbonate buffer, N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid (HEPES), a tris-based buffer, a tris-buffered saline (TBS),
and combinations thereof.

The method of claim 72, wherein the buffering component comprises sodium
bicarbonate (NaHCO3).

The method of claim 72, wherein the buffering component comprises a tris-
based bufter.

The method of any one of claims 63-76, wherein the cryoprotectant comprises a

saccharide.
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78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

The method of claim 77, wherein the saccharide is selected from the group
consisting of a monosaccharide, a disaccharide, sucrose, maltose, trehalose,
glucose, mannose, dextrose, xylose, and combination thereof.

The method of any one of claims 63-78, wherein the cryoprotectant comprises a
polymer derived from sucrose and epichlorohydrin.

The method of claim 79, wherein the polymer is a polysucrose.

The method of claim 80, wherein the polysucrose is present in the suspension
medium in an amount equal to about 3% to about 10% (w/v) of the
cryopreserved platelet composition.

The method of any one of claims 63-81, wherein the cryoprotectant comprises
glycerol.

The method of claim 82, wherein the cryoprotectant is no more than about 10%
/).

The method of any one of claims 82-83, wherein the cryoprotectant is in an
amount of at least about 1% (w/v).

The method of any one of claims 82-84, wherein the cryoprotectant is in an
amount of about 0.1% (v/v) to about 10% (v/v).

The method of any one of claims 63-85, wherein the suspension medium
further comprises an organic solvent.

The method of claim 86, wherein the organic solvent is present in an amount of
about 0.1% to about 2% (v/v) of the composition.

The method of claim 86 or 87, wherein the organic solvent comprises an
alcohol.

The method of claim 88, wherein the alcohol comprises a short-chain alcohol.
The method of claim 89, wherein the short-chain alcohol is selected from the
group consisting of methanol, ethanol, propanol, 1-propanol, 2-propanol, and
combinations thereof.

The method of any one of claims 63-90, wherein the DMSO is present in an

amount of less than 1% (v/v).
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92.

93.

94.

95.

96.

97.

98.

99.

100.

101.
102.

103.
104.

105.

106.

The method of any one of claims 63-90, wherein the DMSO is in the amount of
at least about 0.1% (v/v).

The method of any one of claims 63-90, wherein the DMSO is in the amount of
about 0.5% (v/v) to about 5% (v/v).

The method of any one of claims 63-90, wherein the DMSO is in the amount of
about 1% (v/v) to about 3% (v/v).

The method of any one of claims 63-94, wherein the temperature is less than
about -1 °C.

The method of any one of claims 63-95, wherein the temperature is less than
about -30 °C.

The method of any one of claims 63-96, wherein the temperature is less than
about -70 °C.

The method of any one of claims 63-97, wherein the temperature is about -70°C
to about -90 °C.

The method of any one of claims 63-98, wherein the temperature is about -10°C
to about -30 °C.

The method of any one of claims 63-99, wherein the temperature is adjusted at
a rate of -1°C per minute from a starting temperature of at least about 15°C.
The method of claim 100, wherein the starting temperature is about 37°C.

The method of any one of claims 63-101, wherein the platelets are human
platelets.

A composition prepared by the method of any one of claims 63-102.

The composition of claim 103, wherein the composition contains DMSO in an
amount of less 0.001% (v/v).

The composition of any one of claims 102-103, wherein the cryopreserved
platelet composition comprises glycerol.

A method of making a composition, the method comprising:

obtaining a liquid medium containing platelets;

suspending platelets in a suspension medium, the suspension medium

comprising less than about 6% (v/v) of dimethyl sulfoxide (DMSO); and
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subjecting the suspended platelets in the suspension medium to a temperature

suitable for forming a cryopreserved platelet composition.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

The method of claim 106, further comprising adding a pH modifier to the liquid
medium containing the platelets until the pH is less than about 7.

The method of claims 106 or claim 107, wherein the pH is less than about 6.8.
The method of claim 106, wherein the pH is about 4.0 to about 7.0.

The method of claim 106, wherein the pH is about 5.0 to about 7.0.

The method of any one of claims 106, 107, and 110, wherein the pH is about
6.6 to about 6.8.

The method of any one of claims 106-111, further comprising isolating the
platelets contained in the liquid medium.

The method of claim 112, wherein the isolating comprises applying
centrifugation, tangential flow filtration, or both, to the liquid medium.

The method of any one of claims 106-113, wherein the suspending comprises
suspending the platelets in the suspension medium containing a concentration
of 2x10° platelets per milliliter (ml).

The method of any one of claims 106-114, further comprising incubating the
suspended platelets at a temperature of about 37°C for about 3 hours.

The method of any one of claims 106-115, further comprising placing the
suspended platelets in the suspension medium in a sealable container.

The method of claim 116, wherein the sealable container comprises a
fluorinated ethylene propylene (FEP) bag, a polyvinyl chloride (PVC) bag, or a
borosilicate serum vial.

The method of claim 116 or 117, wherein the suspended platelets in the
suspension medium are placed in the sealable container in an amount of about
1x107 platelets to about 3x10!! platelets.

The method of any one of claims 106-118, wherein the temperature is less than
about -1 °C.

The method of any one of claims 106-119, wherein the temperature is less than

about -10 °C.
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121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

The method of any one of claims 106-120, wherein the temperature is less than
about -30 °C.

The method of any one of claims 106-121, wherein the temperature is less than
about -70 °C.

The method of any one of claims 106-122, wherein the temperature is about -
70°C to about -90 °C.

The method of any one of claims 106-123, wherein the temperature is about -
10°C to about -30 °C.

The method of any one of claims 106-124, wherein the temperature is about
10°C to about -10 °C.

The method of any one of claims 106-125, further comprising thawing the
cryopreserved platelet composition.

The method of claim 126, wherein the thawing comprising submersing the
cryopreserved platelet composition in a 37°C water bath for about 8 minutes to
about 10 minutes.

The method of any one of claims 106-118, wherein the composition is
substantially free of dimethyl sulfoxide (DMSO).

The method of claim 128, wherein the composition contains DMSO in an
amount of less 0.001% (v/v).The method of any one of claims 50 to 110,
wherein the method does not comprise a lyophilization step.

The composition of any one of claims 106-129, wherein the cryopreserved
platelet composition comprises glycerol.

A cryopreserved platelet composition made by a method comprising;

a. mixing platelets with a medium comprising: 1) a cryoprotectant, such as a
cryoprotectant comprising trehalose, a polysucrose, glycerol, or combinations
thereof;, ii) dimethyl sulfoxide (DMSO) in an amount of less than 6% (v/v); and
iii) ethanol, to form a first mixture;

b. optionally modifying the pH of the first mixture to a desired pH; and
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c. subjecting the first mixture, or the optionally pH-modified first mixture, to
a temperature of about -1 °C or less for a predetermined time to form the
cryopreserved platelet composition,

wherein the cryopreserved platelet composition comprises cryopreserved
platelets,

wherein a first amount of trehalose is comprised in the cryopreserved
platelets and a second amount of trehalose in the cryopreserved platelet
composition is not comprised in the cryopreserved platelets;

wherein the ratio of the first amount to the second amount of trehalose is
greater than the ratio of the first amount to the second amount of trehalose when
the composition is substantially free of at least one of DMSO, glycerol, or
ethanol.

132. A cryopreserved platelet composition made by a method comprising:

a. mixing platelets with a medium comprising: 1) a cryoprotectant, such as a
cryoprotectant comprising trehalose, a polysucrose, glycerol, or combinations
thereof; ii) dimethyl sulfoxide (DMSO) in an amount of less than 6% (v/v); and
iii) ethanol, to form a first mixture;

b. optionally modifying the pH of the first mixture to a desired pH; and

c. subjecting the first mixture, or the optionally pH-modified first mixture, to
a temperature of about -1 °C or less for a predetermined time to form the
cryopreserved platelet composition,

wherein the cryopreserved platelet composition comprises cryopreserved
platelets,

wherein a first amount of trehalose is comprised in the cryopreserved
platelets and a second amount of trehalose in the cryopreserved platelet
composition is not comprised in the cryopreserved platelets;

wherein the ratio of the first amount to the second amount of trehalose is
greater than the ratio of the first amount to the second amount of trehalose in a
second platelet composition, wherein the second platelet composition differs from

the cryopreserved platelet composition only in that the second platelet
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133.

composition is made by a method in which the medium with which the platelets
are mixed in step a. does not comprise at least one of dimethyl sulfoxide (DMSO),
glycerol or ethanol.

A cryopreserved platelet composition made by a method comprising;

a. mixing platelets with a medium comprising;:

1) a cryoprotectant comprising trehalose, a polysucrose, glycerol, dimethyl
sulfoxide (DMSO), or combinations thereof; wherein the sum of the amounts of
the DMSO and the glycerol is less than 15% (v/v); and

i1) ethanol,

to form a first mixture;

b. optionally modifying the pH of the first mixture to a desired pH; and

c. subjecting the first mixture, or the optionally pH-modified first mixture, to a

temperature of about -1 °C or less for a predetermined time to form the cryopreserved

platelet composition,

wherein the cryopreserved platelet composition comprises cryopreserved

platelets,

wherein a first amount of trehalose is comprised in the cryopreserved platelets and

a second amount of trehalose in the cryopreserved platelet composition is not

comprised in the cryopreserved platelets;

wherein the ratio of the first amount to the second amount of trehalose is greater

than the ratio of the first amount to the second amount of trehalose when the

composition is substantially free of at least one of DMSO, glycerol or ethanol.

134.

A cryopreserved platelet composition made by a method comprising;
a. mixing platelets with a medium comprising:

i) a cryoprotectant comprising trehalose, a polysucrose, glycerol, dimethyl
sulfoxide (DMSO), or combinations thereof, wherein the sum of the amounts of
the DMSO and the glycerol is less than 15% (v/v); and

ii) ethanol,

to form a first mixture;

b. optionally modifying the pH of the first mixture to a desired pH; and
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c. subjecting the first mixture, or the optionally pH-modified first mixture, to a
temperature of about -1 °C or less for a predetermined time to form the cryopreserved
platelet composition,

wherein the cryopreserved platelet composition comprises cryopreserved
platelets,

wherein a first amount of trehalose is comprised in the cryopreserved platelets and
a second amount of trehalose in the cryopreserved platelet composition is not
comprised in the cryopreserved platelets;

wherein the ratio of the first amount to the second amount of trehalose is greater
than the ratio of the first amount to the second amount of trehalose in a second platelet
composition, wherein the second platelet composition differs from the cryopreserved
platelet composition only in that the second platelet composition is made by a method
in which the medium with which the platelets are mixed in step a. does not comprise
at least one of dimethyl sulfoxide (DMSQ), glycerol, or ethanol.

135. The composition of any one of claims 131-134, wherein the method further
comprises modifying the pH of the first mixture.
136. The composition of claim 135, wherein the pH is modified to less than 7.
137.  The composition of any one of claims 131-136, wherein the method does not
comprise a lyophilization step.
138. The composition of any one of claims 131-137, wherein the cryopreserved
platelet composition comprises glycerol.
139. The composition of any one of claims 131-138, wherein the amount of ethanol
is less than about 8% (v/v) of the composition.
140. A cryopreserved platelet composition comprising:
cryopreserved platelets;
a cryoprotectant comprising:
dimethyl sulfoxide (DMSQ) in an amount of less than 6% (v/v);
trehalose; and

ethanol,
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wherein an amount of intracellular trehalose present in the cryopreserved
platelets, after a predetermined time of cooling a mixture comprising platelets and
the cryoprotectant, is greater than an amount of intracellular trehalose in the
cryopreserved platelets after the same predetermined time of cooling with a
cryoprotectant that is substantially free of at least one of DMSO or ethanol.
141. A cryopreserved platelet composition comprising:
cryopreserved platelets;
a cryoprotectant comprising:
at least one of dimethyl sulfoxide (DMSO) or glycerol wherein the sum of the
amounts of dimethyl sulfoxide (DMSO) and glycerol is less than 15% (v/v);
trehalose; and
ethanol;
wherein an amount of intracellular trehalose present in the cryopreserved
platelets, after a predetermined time of cooling a mixture of platelets and the
cryoprotectant, is greater than an amount of intracellular trehalose in the
cryopreserved platelets after the same predetermined time of cooling with a
cryoprotectant that is substantially free of at least one of DMSO, glycerol or ethanol.
142. A cryopreserved platelet composition comprising:
1) cryopreserved platelets comprising a first amount of trehalose ;
ii) dimethyl sulfoxide (DMSO) in an amount of less than 6% (v/v);
iii) ethanol; and
iv) a second amount of trehalose that is not comprised in the
cryopreserved platelets;
wherein the ratio of the first amount to the second amount of trehalose is
greater than the ratio of the first amount to the second amount of trehalose when
the composition is substantially free of at least one of DMSO or ethanol.
143. A cryopreserved platelet composition comprising;
i) cryopreserved platelets comprising a first amount of trehalose;
i1) dimethyl sulfoxide (DMSO) in an amount of less than 6% (v/v);
iii) ethanol; and
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iv) a second amount of trehalose that is not comprised in the
cryopreserved platelets;
wherein the ratio of the first amount to the second amount of trehalose is
greater than the ratio of the first amount to the second amount of trehalose in a
second platelet composition, wherein the second platelet composition differs from
the cryopreserved platelet composition only in that the second platelet
composition does not comprise at least one of DMSO or ethanol.
144. A cryopreserved platelet composition comprising:
1) cryopreserved platelets comprising a first amount of trehalose;
ii) at least one of dimethyl sulfoxide (DMSO) or glycerol wherein the sum of
the amounts of dimethyl sulfoxide (DMSQ) and glycerol is less than 15% (v/v),
iii) ethanol; and
iv) a second amount of trehalose that is not comprised in the cryopreserved
platelets;
wherein the ratio of the first amount to the second amount of trehalose is
greater than the ratio of the first amount to the second amount of trehalose when the
composition is substantially free of at least one of DMSO, glycerol or ethanol.
145. A cryopreserved platelet composition comprising:
1) cryopreserved platelets comprising a first amount of trehalose;
ii) at least one of dimethyl sulfoxide (DMSO) or glycerol wherein the sum of
the amounts of dimethyl sulfoxide (DMSO) and glycerol is less than 15% (v/v);
ii1) ethanol; and
iv) a second amount of trehalose that is not comprised in the cryopreserved
platelets;
wherein the ratio of the first amount to the second amount of trehalose is
greater than the ratio of the first amount to the second amount of trehalose in a second
platelet composition, wherein the second platelet composition differs from the
cryopreserved platelet composition only in that the second platelet composition does

not comprise at least one of DMSO, glycerol or ethanol.
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146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

The composition of any one of claims 140-145, wherein the ethanol is about
0.01% (v/v) to about 8% (v/v) of the composition.

The composition of any one of claims 140-145, wherein the amount of ethanol
is less than about 8% (v/v) of the composition.

The composition of any one of claims 140-147, wherein the composition
comprises about 3 mg/ml to about 300 mg/ml trehalose.

The composition of any one of claims 140-147, wherein the DMSO is in the
amount of at least about 0.1% (v/v).

The composition of any one of claims 140-147, wherein the DMSQO is in the
amount of about 0.5% (v/v) to about 5% (v/v).

The composition of any one of claims 140-147, wherein the DMSO is in the
amount of about 1% (v/v) to about 3% (v/v).

The composition of any one of claims 140-147, wherein the DMSO is present
in an amount of less than 1% (v/v).

The composition of any one of claims 140, 144-145, wherein the composition is
substantially free of DMSO.

The composition of any one of claims 140-153, wherein the composition is
substantially free of glycerol.

The composition of any one of claims 140-148, wherein the sum of the amounts
of dimethyl sulfoxide (DMSQO) and glycerol is at least about 1% (v/v).

The composition of any one of claims 140-155, wherein the composition
further comprises glycerol.

The composition of claim 156, wherein the glycerol is in an amount of about
0.1% (v/v) to about 10% (v/v).

The composition of claim 157, wherein the glycerol is in an amount of about

0.1% (v/v) to about 1% (v/v).
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