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METHODS OF PREBICTING POST-TRANSFUSHON SURVIVAL
OF RED BLOOD CELLS

INTRODUCTION

G001 In execess of 13,000,000 units of red blood cells (RBCs) are transfused in the
United States cach vear into an excess of 5,000,000 patients (approximately 1 out of every 65
Amenicans). Currently, there are 3 guality conirol measures utilized prior to release of a unit
of RBCs: 1) testing negative for the screened pathogens, 2) compatibility with the patient
regarding recipient antibodics to donor antigens, and 3) storage history of 4°C. FDA
guidelines for RBC storage require that stored RBCs have less than 195 hemolysis and have
75% 24 hour posi-transfusion survival, on average for a given storage system. However, it
has been appreciated for over forty vears that there is tremendous variability oy how
individual units of RBCs store from different human donors. Even for current blood storage
solutions, 24 hour post-transfusion recovenies range from 35% to 100%. [t has been further
observed that RBC storage is reproducible from donation to donation for a given donor,

suggesting a potential genctic component.

SUMMARY
6002} Methods for predicting post-iransfusion survival of red blood cells are provided
herein. In some versions, the methods mnclude measuring a level of Iysophospholipids in a
unit of red blood cells and predicting the post-transfusion survival of the red blood cells in the

unit based on the measured level of lysophosphohipids.

BETAILED BESCRIPTION
G003 Methods for predicting post-transfusion survival, e.g., historic post-transfusion
survival, of red blood cells are provided herein. In some versions, the methods include
measurmg a level of lysophospholipids in a unit of red blood cells and predicting the post-
transfusion survival of the red blood cells i the unit based on the measured level of
lvsophospholipids.
[6604] Before the present invention is described n greater detail, it 1s to be understood
that this invention is not limited to particular embodiments described, as such can, of course,
vary. It is also to be understood that the terminclogy used herein is for the purpose of
describing particular embodiments only, and 1s not intended to be Himtting, since the scope of

the present nvention will be himited only by the appended claims.
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[HEESY Where a range of values is provided, it 1s understood that each mtervening value,
to the tenth of the unit of the lower limit unless the context clearly dictates otherwise,
between the upper and lower linut of that range and any other stated or intervening value in
that stated range, is encompassed within the invention. The vpper and lower limits of these
smaller ranges can independently be mcluded in the smaller ranges and are also encompassed
within the invention, subject to any specifically excluded limit in the stated range. Where the
stated range includes one or both of the limits, ranges excluding cither or both of those
mcluded Himits are also incladed m the mvention.

[0604] Certam ranges can be presented herein with numerical values being preceded by
the term “about.” The term “about” is used hercin o provide literal support for the exact
number that it precedes, as well as a number that 1s near to or approximately the number that
the term precedes. I determining whether a rmumber ts near to or approximately a specifically
recited number, the near or approximating unrecited number can be a nomber which, in the
context in which it 1s presented, provides the substantial equivalent of the specifically recited
number.

G007 Unless defined otherwise, all techuical and scientific terms used herein have the
same meaning as commonly understood bv one of ordmary skill in the art to which this
wnvention belongs. Although any methods and materials similar or equivalent to those
described herein can also be used in the practice or testing of the present invention,
representative ifhustrative methods and materials are now described.

6608} All publications and patents cited in this specification are herein incorporated by
reference as if each individual publication or patent were specifically and individually
indicated to be incorporated by reference and are incorporated herein by reference to disclose
and describe the methods and/or materials in connection with which the publications are
cited. The citation of any publication is for its disclosure prior to the filing date and should
not be constroed as an adrnssion that the present invention 18 not entitled to antedate such
publication by virtue of prior invention. Fusther, the dates of publication provided can be
different from the actual publication dates which can need to be mdependently confirmed.
EERY it 1s noted that, as used herein and i the appended claims, the singular forms “a,”
“an,” and “the” include plural referents unless the context clearly dictates otherwise. kt is
further noted that the claims can be drafied to exclude any optional clement. As such, this
staternent 1s intended to serve as antecedent basis for use of such exclusive terminology as
“solely,” “only” and the bike in connection with the recitation of claim elements, or use of a

“negative” limitation.
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[GO16] Additionally, certain embodiments of the disclosed devices and/or assocrated
methods can be represented by drawings which can be inchuded in this apphication.
Embodiments of the devices and their specific spatial characteristics and/or abilitics include
those shown or substantially shown in the drawings or which arc reasonably mferable from
the drawings. Such characteristics include, for example, one or more (2.g., one, two, three,
four, five, six, seven, eight, ning, or ten, etc.) oft symmetries about a plane {¢.g., a cross-
sectional plane) or axis {¢.g., an axis of symmetry), edges, peripheries, surfaces, specific
orientations (e.g., proximal; distal), and/or nombers (e.g., three surfaces; four surfaces), or
any combinations thercof. Such spatial characteristics also inchude, for example, the lack
{c.g., specific absence of) one or more {e.g.. one, two, three, four, five, six, seven, cight, ning,
ot ten, eic.) of: symmetries about a plane {¢.g., a cross-sectional plane) or axis (¢.g., an axis
of symmetry}, edges, peripheries, surfaces, specific ortentations (¢.g., proximal), and/or
numbers {e.g., three surfaces), or any combinations thereof,

6611} As will be apparent to those of skill in the art upon reading this disclosure, cach of
the individual embodiments described and illustrated herein has discrete components and
features which can be readily separated from or combined with the features of any of the
other several embodiments without departing from the scope or spirtt of the present
wnvention. Any recited method can be carried out in the order of events recited or in any other
order which is logically possible.

METHODS

16012} The subject methods include predicting how well a RBC voit will circudate post-
transfusion by measuring a panel of one or more lysophospholipids. The subject methods
provide a diagnostic approach, ¢.g., an vitro approach, to determine quality of different RBC
uniis of stored blood, on a donor-by-donor basis, and 1n some versions include directing RBC
uniis of certain quality to certain patients.

3613} The subject disclosure includes methods of predicting post-transfusion survival of
red blood cells which include measuring a level of lysophospholipids in a unit of red blood
cells. Measurning a level of lysophospholipids in a unit of red blood cells can, in some
versions, include measuring the amount of one or more lysophospholipids present in the unit
at the time or shortly after, e.g., within 5 mimutes or less or 10 minutes or less or 30 minutes
or less or 60 minutes or less, the unit is collected from a subject. The methods can also
include collecting such a unit from a subject.

3614} The methods can also include predicting the post-transfusion survival, e.g.,

higtoric post-transfusion survival, of the red blood cells from a subject in a voit based on the
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measured level of lysophospholipids. Predicting the post-transfusion survival of the red
blood cells o the vt based on the measured level of lysophospholipids can, in varicus
aspects include comparing the measured level to that of a control sample and/or a those of a
database of listed amounts, ¢.g., average lysophospholipids amounts, from samples obtamne
from one or more, e.g., 5 or more, 10 or more, 100 or more, or 1000 or more, subjects, e.g.,
normal healthy human subjects.

6015} Predicting the post-transfusion survival of the red blood cells in the unit can
mclude predicting the post-transfusion survival to be 6 hours or more, 12 hours or more, 1
day or more, 2 days or more, 3 days or more, 4 days or more, 5 days or more, 10 days or
more, 20 days or more, 30 days or more, 40 days or more, or 42 days or more. Predicting the
post-transfusion survival of the red blood cells in the unit can also melude predicting the
post-transfusion survival to be 6 hours or less, 12 hours or less, 1 day or less, 2 days or less, 3
days or fess, 4 days or less, 5 days or less, [0 days or less, 20 days or less, 30 days or less, 40
days or fess, or 42 days or less.

6616} In certain embodiments, a subject 1 a “mammal” or a “mammabian” subject,
where these terms are used broadly to describe organisins that are within the class mammalia,
including the orders camivore {¢.g., dogs and cats), rodeuntia {¢.g., mice, gwinca pigs, and
rats), and primates (¢.g., humans, chimpanzees, and monkeys). In some embodiments, the
subject 18 a human, The term “huwmans™ can melude human subjects of both genders and at
any stage of development (¢.g.. fotal, neonates, infant, juvenile, adolescent, and adult), where
i certain embodiments the human subject 1s a juvenile, adolescent or adult. While the
methods described herein can be applied in association with a human subject, 1t is to be
understood that the subject devices and methods can also be applied in association with other
subjocts, that is, on “non-human subjects.”

6617} In various embodiments, the Ivsophospholipids include Lysophosphatidylcholine,
LysophosphatidylEthanclamine, and/or LysophosphatidylSerine, or any combination thereof.
In varicus embodiments, the lysophospholipids mchide only Lysophosphatidyicholine. In
various embodiments, the lvsophospholipids include only LysophosphatidyiEthanolamine. In
various embodiments, the Iysophospholipids include only LysophosphatidyiSerine.

0618} Also m some versions, the methods include storing one or more units of red blood
cells and/or samples for a length of time, such as storing the units or samples after and/or
beginning at a time when the unit or sample is collected and/or an mitial marker measurement
is taken.  Soch a length of time can be 6 hours or more, 12 hours or more, | day or more, 2
days or more, 3 days or more, 4 days or more, 5 days or more, 10 days or more, 20 days or
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more, 30 days or more, 40 days or more, or 42 days or more. Such a length of time can also
be 6 hours or less, 12 hours or less, | day or less, 2 days or fess, 3 days or less, 4 days or less,
5 days or less, 10 days or less, 20 days or less, 30 davs or less, 40 days or less, or 42 days or
3619} The methods also mchude methods of transfusing an amount of red blood cellsto a
subject. Soch methods can include collecting a untt of red blood cells from a subject, e, 2
human donor; measuring a level of lysophospholipids in the unit of red blood cells; predicting
the post-transfuston survival of the red blood cells i the unit based on the measured level of
tvsophospholipids: and/or storing the unit of red blood cells for a length of time. The
methods can also include transfusing an amount of the unit of red blood cells to a subject.
3620} In some versions, the amount of the unit of red blood cells transfused is based on
the predicted post-transfusion survival of the red blood cells. In various aspects, the methods
include transfusing a smaller amount, ¢ g, a smaller amount than would be transtused of
lower quality blood, of blood when a high post-transtusion survival of the red blood cells is
predicted. [n various aspects, the methods include transfusing a larger amount ¢.g., a larger
amount than would be transfused of higher quahity blood, of blood when a low post-
transfusion survival of the red blood cells i1s predicted.

0621} Also, as used herein, the terms “higher” or “lower” and related terms can refer to
higher or lower, respectively, in reference to a control, such as a control red blood cell
sample. Such a control sample can be a sample from one or more normal healthy hwmans.
Such a control can also include accepted values associated with samples from one or more
normal healthy humans. In sone versions, a control 15 a sample having mean historic 24-hr
RBC recoveries.

6022} In some versions, the methods include predicting a longer post-transfusion
survival if the concentration of lysophospholipids 1s high. In some versions, the methods
include predicting a longer post-transfusion survival if the concentration of tysophospholipids
is low. In some versions, the methods include predicting a shorter post-transfusion survival if
the concentration of lysophospholipids 15 high. In some versions, the methods include
predicting a shorter post-transfusion survival if the concentration of bysophospholipids is low,
6623} In some versions of the methods in which blood s transfused, the amount of one
or more units of red blood cells transfused is low when the predicted post-transfusion survival
1s high. In some versions of the methods n which blood 1s transfused, the amount of onc or
more units of red blood cells transfused is hugh when the predicted post-transfusion survival

is low.
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0624} In some versions, a uoit of RBC with a high post-transfusion survival, e.g., a post-
transfusion survival predicted based on measurement of a panel of one or more
tvsophospholipids therein, has a high quality and as such, can be transfused to a subjectin a
smaller amount than if the unit had a lower quality. Also, a unit of RBC with a low post-
transfusion survival, e.g., a post-transfusion survival predicted based on measurement of a
pane! of one or more lysophospholipids therein, has a low quality and as such, can be
transfused to a subject in a larger amount than 1f the unit had a higher quality.

0625} An “analvte” or “target” refers to a compound to be detected. Such compounds
can include small molecules, peptides, proteins, nucleic acids, as well as other chemical
ertities. In the context of the present invention, an analvte or target will generally correspond
to the biochemical compounds disclosed herein, or a reaction product thereof.

3626} The term "biomarker” refers to a molecule (typically small molecule, protein,
nucleic acid, carbchydrate, or lipid) that 1s expressed and/or released from a cell, which is
useful for wdentification or prediction. Such biomarkers arc molecules that can be
differentially expressed, e.g., overexpressed or underexpressed, or differentially released
response to varyving conditions {e.g., storage). In the context of the present invention, thig
frequently refers to the biochemical compounds disclosed herein, which are elevated in stored
versus non-stored platelets, for instance, 1-fold, 2-fold, 3-told, 4-fold, 3-fold or more in
stored platelets versus non-stored platelets.

16027} A “sample” refers to any source which is suspected of containimg an analyte or
target molecule. Examples of samples which may be tested using the present invention
melude, but are not limited to, blocd, serum, plasma, urine, saliva, cerebrospinal fhind, lymph
fluids, tissue and tissue and cell extracts, cell culture supemantants, among others. A sample
can be suspended or dissolved i hiquid materials such as buffers, extractants, solvents, and
the hike. Inthe context of the present application, a sample 1s generally a stored platelet
sample of varying length of storage.

16028] A "label" or a "detectable moiety" is a composition detectable by spectroscopic,
photochemical, biochemical, romunochemical, chemical, or other phvsical means. For
example, useful labels include VP, fluorescent dyes, electron-dense reagents, enzymes {e g,
as commonly ssed i an ELISA), biotin, digoxigenin, or haptens and proteins which can be
made detectable, ¢.g, by mcorporating a radiolabel into the peptide or used to detect
antibodies specifically reactive with the peptide.

3629} Samples of platelets stored for various amounts of time are compared to “control”
samples which can be freshly drawn platelets or platelets which have been minimally stored.
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Control samples are assigned a relative analyte amount or activity to which sample valoes are
compared. Relevant levels of analyte clevation ocour when the sample amount or activity
value relative to the control is 110%, or 1530%, or 200-500% (i ¢, two to five fold higher
relative to the control), or 1000-30009% higher.

13630} Ag used herein, “PLT storage quality” 1s defined as the extent of post-transfusion
recovery of the stored PLTs; higher recovery is defined as higher quality. Examples of post-
transfusion recovery include greater than zere and almost 100% recovery, 1.¢., recovery of
10%, 20%, 30%, 40%, 50%, 6%, 70%, 80%, 90%, 100%, and all percentages in between.
16831} As used herein, “toxicity” of a PLT unit is defined as any adverse reaction
associated with transfusion of a PLT unit, including, but not limited to, fever, inflamumation,
induction of recipient cytokines, transfusion induced fung injury, and transfusion-related
immunomodidation, among others.

16032} As used herein, a PLT unit is iess suitable for transfusion if it has lower PLT
quality (i.c., post-transfusion survival) or elevated toxicity as compared to other PLT units,
¢.g., as compared o a control.

16833} As used herein, “transfusion cutcome” refers to post-transfusion survival of
platelets in the circulation and the presence or absence of toxicity after platelet transfusion.
3034} In some embodiments, the measurement of the markers of the present invention is
performed using various mass spectrometry methods. As used herein, the term "mass
spectrometry” or "ME" refers to an analviical techuique to identify compounds by their imass.
MS refers to methods of filtering, detecting, and measuring ions based on their mass-to-
charge ratio, or "m/z". MS technology generally includes (1} tonizing the compounds to form
charged compounds; and (2) detecting the molecular weight of the charged compounds and
calculating a mass-to-charge ratio. The compounds may be ionized and detected by any
suttable means. A "mass spectrometer” generally includes an iomizer and an ion detector. In
general, one or more molecules of mterest arg 1onized, and the ions are subsequently
introduced into a mass spectrographic instrument where, due to a combination of magngtic
and clectric fields, the ions follow a path in space that is dependent upon mass ("m") and
charge ("z"). See, e.g., U.S. Pat. No. 6,204,500, entitled "Mass Spectrometry From Surfaces)”
.S, Pat. No. 6,107,623, entitled "Methods and Apparatus for Tandem Mass Spectrometry”
U5, Pat. No. 6,268 144, entitled "DNA Diagnostics Based On Mags Spectrometey” US. Pat.
No. 6,124,137, entitled "Surface~-Enhanced Photolabile Attachment And Release For

Diesorption And Detection Of Analytes;” Wright et al., Prostate Cancer and Prostatic Dhseases
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06635} As used hergin, the term “gas chromatography” or "GC" refers to chromatography
in which the sample mixture is vaporized and injected into a streamn of carrier gas {as nitrogen
or helium)} moving through a column containing a stationary phase composed of aliguid ora
particulate solid and is separated mto its component compounds according to the affinity of
the compounds for the stationary phase.

16036} As ased herein, the term "liguud chromatography” or "LC" means a process of
selective retardation of one or more components of a fluid solution as the fhud uniformly
percolates through a column of a finely divided substance, or through capillary passageways.
The retardation results from the distribution of the components of the mixture between one or
more stationary phases and the bulk fluid, (i.c., mobile phase), as this fluid moves relative to
the stationary phase{s}. Examples of "liquid chromatography" include reverse phase hiquid
chromatography (RPLC), high performance liguid chromatography (HPLC), and turbalent
How liquid chromatography (TFLC) (sometimes known as high twrbulence lipud
chromatography (HTLC) or high throughput liquid chromatography).

[6637] In some embodiments, the present methods are practiced using computer
maplementation, such as by generating a dataset with a computer. In one embodiment, a
compuier compriscs at least one processor coupled to a chipset. Also coupled to the chipset
are a memory, a storage device, a kevboard, a graphics adapter, a pomting device, and a
network adapter. A display is coupled to the graphics adapter. In one embodiment, the
functionality of the chipset is provided by a memory controlier hub and an /0 controtler hub.
I another eorbodiment, the memory is coupled directly to the processor instead of the
chipset.

{0838} The storage device is any device capable of holding data, like a hard drive,
compact disk read-only memory (CD-ROM), DVD, or a solid-state memory device. The
memory holds instructions and data used by the processor. The pointing device may be a
mouse, track ball, or other tvpe of pointing device, and is used in combination with the
kevboard to input data into the computer system. The graphics adapter displays tmages and
other mformation on the display. The network adapter couples the computer system to a
local or wide area network.

6639} As1s known in the art, a computer can have different and/or other components
than those described previcusly. In addition, the computer can lack certain components.
Moreover, the storage device can be local and/or remote from the computer (such as

embodied within a storage area network {(SAN3).
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0044 As1s known in the art, the computer 1s adapted to execute computer program
modules for providing functionality described herein. As used herein, the term “module”
refers to computer program logic utilized to provide the specified functionality. Thus, a
module can be implemented m hardware, firmware, and/or software. In one embodiment,
program modules are stored on the storage device, loaded into the memory, and executed by
the processor.

6641} Embodiments of the entities described herein can include other and/or different
modules than the ones described here. In addition, the functionality attributed to the modules
can be performed by other or different modules in other embodiiments. Moreover, this
description occasionally omits the term “module” for purposes of clanty and convenience.
3042} The subject methods include determining post-transfusion survival of platelets
(PLT) prior to transfusion, the methods including the steps of. a) measuring the levels of one
or more markers in a PLT sample, wherein the one or more markers include
lysophospholipids; and/or b) comparing the level of the one or more markers inthe PLT
sample with the level of the one or more markers present in a control sample, wherein a
higher or lower level of the one or more markers in the PLT sample is indicative of post-
transfusion survival of platelets.

3043} The methods also mclude determining the suitabihity of a platelet (PLT) unst for
use i a blood transfusion, the methods including the steps off measuring the levels of one or
more markers in a PLT sample wherein the one or more markers arc or inchide any one or
combination of the lvsophospholipids described herein, at for example, the time of donation
or shortly thereafier, e.g., 30 mm or less. The methods can also mclude comparing the level
of the one or more markers in the PLT sample with the level of the one or more marker
present in a control sample, such as a control sample determined to be suttable forusc in a
blood transfusion, wherein a higher or lower level of the one or more markers n the PLT
sample as compared o that of the control sanple is indicative of suitability for transfusion.
For example, a higher level of markers than the controt can indicate that the sample is not
suitable for transfusion and the sample is then discarded and not transtused. Also, a lower
level of markers than the control can indicate that the sample 1s suitable for transfusion and
the sample 18 then transfused.

[0844] In some aspests, the methods also include determining a higher level of the one or
more markers i the stored blood sample compared to the control blood sample that indicates
alower RBC storage quality of the RBCs of the stored blood sample as compared to RBCs of
the control blood sample. Such a determination can include predicting a lower post-

9
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transfusion survival of the of the RBCs of the stored blood samiple than RBCs of the control
blood sample, or determining an absence of a higher level of the one or more markers in the
stored blood sample compared to the control blood sample. Such a determination, such as
determiming a higher level of the one or more markers n the stored blood sample compared
to the control blood sample, can indicate that a sample is or 13 not saitable for transfusion and
the sample is transfiused or discarded accordingly.
3645} The methods can also include determining a lower level of the one or more
markers in the stored blood sample compared to the control blood sample that indicates a
higher RBC storage quality of the RBCs of the stored blood sample as compared to RBCs of
the control blood sample. Such a determination can include predicting a higher post-
transfusion survival of the of the RBCs of the stored blood sample than RBCs of the control
blood sample, or determining an absence of a lower level of the one or more markers in the
stored blood sample compared to the controt blood sample. Such a detenmination, such as
determining a lower level of the one or more markers in the stored blood sample compared to
the control blood sample, can mdicate that a sample is or is not suitable for transfusion and
the sample is transfused or discarded accordingly.
[0046] In various aspects, the methods also include excluding the stored blood sample
from use in the blood transfusion and/or discarding the sample when a lower RBC storage
quality of the RBCs of the stored blood sample 1s indicated as compared to the RBCs of the
control blood sample. The methods can also or alternatively include using the stored blood
sample m the blood transfusion when an absence of a higher level of the one or more markers
i the stored blood sample compared to the control blood sample is determined.
[GO47} In various embodiments, measuring the fevels of one or more markers is
performed the time of donation or shortly thereafter, ¢ g., 10 min or less, or 30 min or less, or
60 min or fess. In some versions, it is performed prior to storage of the sample, such as prior
to storage of the sample in a refrigerated environment, such as an environment having a
cmperature less than room temperatare, such as 20 °C. In some versions, storage of the
sample as provided herein includes refrigerated storage of the sample 1o a retingerated
environment, such as an environment having a temperature of 20 °C or less, such as 18 °C or
less, such as 13 °C orless, such as 12.5 °C or less, such as 10 °C or less, such as 5 °C or less,
such as 3 °C or less, such as | °C or less. In some versions, measurements are performed on
the first day of storage.
3648} In some versions, it 1s performed, or is additionally performed, after the sanmple
has been stored a length of time in the inchusive range of 24 of 48 hours. In some aspects, i
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13 also performed after storing the sample and/or unit for a period of time such as | day or
legs, 15 days or less, 30 days or fess, or 45 days or less, or | day or more, 15 days or more, 30
days or more, or 45 days or more. o some aspects, it s performed after storing the sample
and/or unit for a period of time ranging from 1 to 60 days, such as | to 50 days, such as 1 to
30 days, such as 1 to 20 days, such as | to 15 davs, such as 1 to 10 days.

6049] In various embodiments, measoring the levels of ong or more markers is
performed in two or more measurements, ¢.g., 3, 4, 5, 10 or fower, 15 or fewer, or 20 or
fewer measurements. A first measurement can be conducted the time of donation or shortly
thercafter, e.g., 10 min or less, or 30 min or lfess, or 60 min or lgss, or | day or less, or 2 days
or less, such as before storage, such as before refrigerated storage. One or more additional
measurement such as a second measurement can be performed after storage, such as after
refrigerated storage for any of the time periods listed herein. The first and supplemental, e g,
second, measurements can be compared with one another to determine the suitability of the
sample for transfusion or cach can be e¢valuated individually to determine the suitability for
transfusion.

[LEIH! In various embodiments, performing the measarement does not melude measuring
a level of a Hydroxvyeicosatetracnoie acid (HETE) or Hydroxvoctadecadienoic (HODE) m the
sample.

3651} In some aspects, a level of the one or more markers 15 obtained during the time of
storage of the RBC sample. In various embodiments, a level of the one or more markers is
obtained by performing mass spectrometry with a spectrometry device. Such a mass
spectrometry device can be a gas-chromatography/mass spectrometry (GC/MS) or iquid
chromatographv-tandem mass spectrometry (LE/MS/MS). In various embodiments, a level
of the one or more markers is obtained by performing one or more ELISA assays.

3052} Method according to the subject disclosure also mclude predicting transfusion
outcone, the methods inclhuding the steps of obtaining a dataset associated with a sample of
stored platelets, wherein the dataset comprises at least one marker, wherem the dataset
comprises data for at least one marker, wherein the one or more markers include
Ivsophospholipids; and/or analyzing the dataset to determune data for the at least one marker,
wheremn the data is positively correlated or negatively correlated with transfusion cutcome if
the platelet sample is transfused into a patient.

[B053] In varous embodiments of the above aspects, the dataset 18 obtained at the time of
collection of the PLT sample. In vanouos embodiments of the above aspects, the dataset is
obtamed during the time of storage of the PLT sample. In various embodiments of the above
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aspects, the dataset 1s obtained by mass spectrometry. In varicus embodiments of the above
aspects, the mass spectrometry is gas-chromatography/mass spectrometry {GC/MS) or ligusd
chromatographv-tandem mass spectrometry (LC/MS/MS).

[B054] In varous embodiments of the above aspects, the dataset 1s obtained by enzymatic
assay. In various embodiments of the above aspects, the dataset 1s obtained by ELISA.
6055] In another aspect, disclosed herein 1s kit for use in predicting transfusion cutcome
or platelet (PLT) storage quality, the kit comprnising: a set of reagents comprising a plurality
of reagents for deternuning from a stored platelet sample data for at least one marker,
wherein the one or more markers imchude lysophospholipids; and instructions for using the

plurality of reagents to deternuine data from the stored platelet sample.

UTILITY

16056] RBCs that do not circulate well, after transfusion, will have lower efficacy. This
is a potential problem for any person requiring blood, but 1s a particular problem for patients
requiring chronic transfusion, who suffer serious sequelae from won toxicity and
alloimmunization (the formation of antibodies preventing future transfusions). To the extent
that units of RBCs can be dentified that will have the best post-transfusion circulation, and
such units can be directed towards chronic transfusion patients, then there can be a significant
decrease 1n the total nuniber of RBC units used on a patient by patient basis. Even a modest
decrease 1n number of units transfused will mitigate ron toxicity and decrease frequency of
alloimownization. The subject disclosures provides methods by which untts of RBCs can be
identified that will have the best post-transfusion circulation.

(6057} Furthermore, despite extensive study, there 1s no measurable entity kaown to
predict how an RBC unit will do when transfused. For this reason, there are linuted guality
control measures {or unit release critena) regarding quality of RBC units. Thas 1s a medical
problem since RBCs that survive poorly post-transfusion result inn a less efficactous produoct
from the standpoint of RBC replacement. Thus the lack of rehiable biochemical markers is an
impediment to patient carc and identification of such markers has a high clinical utility. The
subject disclosure provides methods to predict how an RBC unit will do when transfused and
as such, provide improved methods for patient care mclading lower costs and time-efficient
methods.

Furthermore, there is significant donor-to-donor vanation in how units of RBCs store.
Importantly, no parameters have previously been described that can, based upon their levels

at ime of collection, predict post-transfusion RBC circulation after storage. Previous
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antargeted human and animal studies identified hpid metabolism as a pathway of interest in
blood storage. As noted above, the subject methods provide ways to predict post-transfusion

RBC circulation after storage.

EXAMPLES
16058] The following examples are put forth so as to provide those of ordinary skill in the
art with a complete disclosure and description of how to make and use the present invention,
and are not wtended to limit the scope of what the mventors regard as their mvention nor are
they intended {o represent that the experiments below are all or the only experiments
performed. Efforts have been made to ensure accuracy with respect to numbers used {e.g.
amounts, temperature, etc.) but some experimental errors and deviations should be accounted
for. Unless indicated otherwise, parts are parts by weight, molecular weight 15 weight
average molecular weight, temperature is in degrees Centigrade, and pressure is at or near
atroospheric.
(60591 The methods for quantifving lvsophospholipids as set forth herein utilize a higuid-
chromatography-tandem mass spec system. However, immunoassavs and other
methodologies can also be applied for such guantification. The measurcments have been
applied to Y units of human RBCs from donors who have previously had autologous RBC
storage and post-storage RBC circulation stadies (as per 51-chromiom), and found significant
correlations for specific lysophospholipids, with the following two categories of application:

1. The ability to test RBC units at time of collection, and predict how RBCs

will circulate (post-transfusion) after storage.
2. The ability to test RBC after storage (prior to transfusion), and to predict
how RBCs will circulate post transfusion.

3060} Ag such, the subject methods include testing, such as measuring markers as
described herein at the time of collection and/or predicting the success of a transfusion of a
unit of blood, such as by predicting how RBCs will circolate (post-transfusion) after storage,
such as predicting that they will effectively or meffectively circulate. The methods also
mclude measuring markers as described heren after a time of storage and/or prior to
transfusion and predicting the predicting how RBCs will circulate {post-transtusion), such as
predicting that they will effectively or meffectively circulate.
3061} Table 1 1s presented below and mndicates the current correlations, and p values,
that have been generated based upon testing a small nuntber of human donors (n=9) and
correlating their levels to historical 51-Cr RBC survival studies in these same volunteers.
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Additional correlations shown can be statistically significant when extended to a large
number of test subjects and with a great degree of variability in RBC storage.

Methodslogy

3062} Ning (9) human volunieers were 1dentified, cach of whom had previously
participated m autologous RBC storage and recovery trials using 51-Cr based labeling. Each
volunteer had previcusly participated m at least two 51-Cr stadies, and had shown consistent
post-transfusion 24-hr RBC recoveries. New units of leukoreduced RBCs were collected
from each donor and were stored for 42 days. Samples were collected from each wmit on the
first dav of storage and pust after cutdate {43 days). Precise quantitation of a panel of
tvsophospholipids (LysoPLs) was carried out on supematants using a liquid chromatography-
tandem mass spectrometry approach. Species of Lyvsophosphatidylcholine (LysoPC),
LysophosphatidyEthanolamineg (LyvsoPE), and LysophosphatidyiSerine (LysoPS) were gach
quantified by using corresponding 17:1 LvsoPLs as internal standards.

3663} As noted above, the methods include measuning a level of tysophospholipids in a
umit of red blood cells. The measured level of lvsophospholipids can be any of the values
provided inn Table 1 or less or any of the values presented in Table | or more. The values can
also be within any of the mclusive ranges defined by any two values provided 1o Table 1. In
some versions, the methods include measured levels that bave a linear correlation between
Log concentration and a donor's mean of historical 24-hour recoveries. Also, i some
versions of the methods, the methods include producing a p-value less than 0.05 or less than
or equal to .05 or 1 or 1.5, In some versions of the methods, the methods include producing
& p-value leas than 0.01 or less than or equal to .01 or 003 or .03.

Results

[0064] Levels of both LysoPC 16:0 and 18:0 had a significant negative correlation with
historic 24-hr RBC recoveries, as measured on day 1 of storage. LysoPC 16:0, 18:0, LyvsoPE
18:0 and LysoPS 20:4 had significant negative correlation with historic 24-hr RBC recoveries
on day 43 of storage. Uther measured LysoPLs had a range of correlations {sec Table 1 for
data).

6665} Mean historic 24-hr RBC recoveries (range: 68-92%) negatively correlated with
levels of both LysoPC 16:0 and 18:0, as measured on day 1 of storage with a false discovery
rate {FDR) of 16%. Mean historic 24-hr RBC recoverigs also negatively correlated with
LysoPC 16:0, 18:0, LysoPE 18:0 and LysoPS 20:4 on day 42 of storage with an FDR of 24%.
3666} The current studies find a correlation of levels of LysoPLs, both at time of
collection and after storage, with historic 24-hr RBC recoveries. Significant correlations
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were identified, despite a very small number of donors (n=9) and a relatively narrow overall

range of historic 24-hr recoveries (68-92%).

Table 1
Day 1 Storage Bay 43 Storage

Metabolites ]

Pearson's Pearson's

correlation’ p-value correlation! p-value
LysoPC 16:0 -0.87% 0.002%* -3.717 (.03
LysoPC 18:0 -0.798 0.010%* -(3.818 0.007**
LvsoPC 20:4 -0 448 (0.227 -0.451 0.223
LysoPC 18:2 -0.301 (.432 -0.253 0.511
LysoP( 18:1 -0.628 0.070 -(3.562 0.115
LysoPE 18:0 -0.545 0.129 -(3.741 {.022*
LysoPE 20:4 -0.306 0.424 (381 0312
LysoPE 18:2 0.061 (.876 -(3,242 0.530
LysoPE 18:1 0.003 (.995 -(0.274 0.476
LysoPS 18:0 0.608 {.083 -(.543 0.131
LysoPS 204 0.260 .499 (739 0.023%*

1 incar correlation between Log concentration and donor's mean of historical 24-hour
Fecoveries
* p<0.05 and ** p< 0.01 by Pearson’s correlation

Conclusion;
16867} The studies provided herein find a correlation of levels of LysoPLs, both at time
of collection and after storage, with historic 24-br RBC recoveries. Significant correlations
were observed despite a small numiber of donors and a relatively narrow overall range of
historic 24-hr recoveries,

kR
[06668] Although the foregoing invention has been described in some detail by way of

thlustration and example for purposes of clarity of understanding, 1t is readily apparent to
those of ordinary skill in the art w light of the teachings of this invention that certain changes
and modifications can be made thereto without departing from the spirit or scope of the
appended claims. It 18 also to be understood that the terminclogy used heremn s for the
purpose of describing particular embodiments only, and is not intended to be himiting, since
the scope of the present mvention will be imited only by the appended claims.

60691 Accordingly, the preceding merely Hlustrates the principles of the invention. It
will be appreciated that those skilled m the art will be able to devise various arrangenients
which, although not explicitty described or shown herein, embody the principles of the
invention and are included within its spint and scope. Furthermore, all examples and
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conditional language recited herein are principally mntended to aid the reader i understanding
the principles of the invention and the concepts contributed by the inventors to furthering the
art, and arc to be construed as being without hinutation to such specifically recited examples
and conditions. Moreover, all statements herein reciting principles, aspects, and
embodiments of the mvention as well as specific examples thereof, are intended to
encompass both structural and functional equivalents thercof. Additionally, 1t is intended that
such equivalents include both currently known equivalents and cquivalents developed in the
future, 1.e., any clements developed that perform the same fonction, regardless of structure.
The scope of the present mvention, therefore, is not intended to be hinuted to the exemplary
embodiments shown and described herein. Rather, the scope and spirit of present invention is

embodied by the appended claims.

16



WO 2017/192900 PCT/US2017/031135

What 1s claimed is:

1. A method of predicting post-transfusion survival of red blood celis, the method
comprising:

a. measuring a level of lysophospholipids in a unit of red blood cells; and

b. predicting the post-transfusion survival of the red blood cells i the unit based

on the measured level of lysophospholipids.

2, The method of Claim 1, wherein the lysophospholipids comprise
Lysophosphatidylcholine, LysophosphatidylEthanolamine, or LyvsophosphatidylSerine.
3. The method of Claim 2, wherein the Iysophospholipids comprise
Lysophosphatidylcholine.
4, The method of Claim 2, wherein the lysophospholipids comprise
LysophosphatidviEthanolamine.
=3 The method of Claim 2, wherein the lysophospholipids comprise
LvsophosphatidviSenne.
6. The method of Claum |, wherein method further comprises storing the unit of red

blood cells for a length of time.

7. The method of Claim 1, wherein the length of time 1s 30 days or more.
3. The method of Claim 1, wherein method further comprises transfusing at least a

portion of the unit of red blood cells to a subject.

3, A method of transtusing an amount of red blood cells to a subject, the method

comprising:
a. collecting a unit of red blood cells from a human donor;
b. measunng a level of lysophospholipids in the unit of red blood cells;

¢. predicting the post-transfusion survival of the red blood cells in the unit based

on the measured level of lysophospholipids;
d. storing the unit of red blood cells for a length of time; and

¢. transtusing an amount of the unit of red blood cells to a subject.
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iG. The method of Claim 9, wherein the amount of the wt of red blood cells transfused

is based on the predicted post-transfusion survival of the red blood cells.

i1 The method of Claim 9, wherein the amount of the unit of red blood cells transfused

is fow when the predicted post-transfusion sarvival ig high.
12, The method of Claim 9, wherein the length of time 15 30 days or more.

13.  The method of Claim 9, wherein the lysopbospholipids comprise

Lysophosphatidyicholine, LysophosphatidylEthanclamine, or LvsophosphatidviSenne.

14.  The method of Claim 13, wherein the lyvsophospholipids comprise

Lysophosphatidylcholine.

15, The method of Claim 13, wherein the lvsophospholipids comprise

LvsophosphatidviEthanolamine.

16.  The method of Claim 13, wherein the Ivsophosphohipids comprise

LysophosphatidylSerine.

17. A method for determining the suitability of a stored blood sample comprismg red

blood celis (RBCs) for use m a blood transfusion, the method comprising the steps of:

ay measuering a fevel of one or more markers 1 the stored blood sample, wherein the
one or more markers comprise lysophospholipids; and

b} comparing the level of the one or more markers in the stored blood sample with a
level of the one or more markers present in a control blood sample determined to be suttable

for use i a blood transfusion.

18.  The method according to Claim 13, further comprising determining a bigher level of
the one or more markers 1o the stored blood sample compared to the control blood sample
that indicates a lower RBC storage quality of the RBCs of the stored blood sample ags
compared to RBCs of the control blood sample and thereby predicting a lower post-
transfusion survival of the of the RBCs of the stored blood sample than RBCs of the control
blood sample, or determining an absence of a higher level of the one or more markers in the

stored blood sample compared to the control blood sample.

19. The method according to Claim 13, further comprising excluding the stored blood
sample from use m the blood transfusion when a lower RBC storage quality of the RBCs of

the stored blood sample is indicated as compared to the RBCs of the control blood sample,
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and using the stored blood sample 1n the blood transfusion when an absence of a higher level
of the one or more markers in the stored blood sample compared to the control blood sample
is determined.

28, The method according to Claim 17, wherein the amount of the unit of red blood cclis
transfused is based on the predicted post-transfusion survival of the red blood cells.

2%, The method according to Claim 17, wherein the amount of the unit of red blood celis
transfused is low when the predicted post-transfusion survival is high.

22.  The method according to Claim 17, further comprising storing the sample for 30 days
OF More.

23.  The method according to Claim 17, wherein the bvsophospholipids comprise
Lysophosphatidyicholine, LysophosphatidyliEthanolamine, or LysophosphatidylSerine.

24.  The method according to Claim 23, wherein the lvsophospholipids comprise
Lysophosphatidvicholine.

25,  'The method according to Claim 23, wherein the lvsophospholipids comprise
LvsophosphatidviEthanolanine.

26,  The method according to Claim 23, wherein the bysophospholipids comprise

LysophosphatidyiSernne.
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