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ABSTRACT

Compositions and methods for determining post-transfusion
survival or toxicity of red blood cells and the suitability of
red blood cell units for transfusion by measuring the levels
of one or more markers in a red blood cell sample are
provided.
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STEAP3 AS A BIOCHEMICAL MARKER OF
RED BLOOD CELL STORAGE AND
TOXICITY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent
application Ser. No. 15/308,836, filed on Nov. 3, 2016,
which is a U.S. National Phase Patent Application based on
International Patent Application No. PCT/US2015/029552,
filed on May 6, 2015, which claims the benefit of U.S.
Provisional Application No. 61/989,440, filed May 6, 2014,
all of which are hereby incorporated by reference in their
entirety.

SEQUENCE LISTING

[0002] The application contains a Sequence Listing which
has been filed electronically in ASCII format and is hereby
incorporated by reference in its entirety. Said ASCII copy,
created on May 27, 2015, is named B212-0027PCT
Sequence Listing and is 18,069 bytes in size.

FIELD OF THE INVENTION

[0003] The disclosure relates to compositions and meth-
ods for determining post-transfusion survival and toxicity of
red blood cell (RBC) units by measuring the levels of one or
more markers in a RBC sample.

BACKGROUND OF THE INVENTION

[0004] In excess of 15,000,000 units of RBCs are trans-
fused in the USA each year into an excess of 5,000,000
patients (approximately 1 out of every 65 Americans).
Currently, there are only 3 quality control measures utilized
prior to release of a unit of RBCs: 1) testing negative for the
screened pathogens, 2) compatibility with the patient regard-
ing recipient antibodies to donor antigens, and 3) storage
history of 4° C. FDA guidelines for RBC storage require that
stored RBCs (up to 42 days) have less than 1% hemolysis
and have 75% 24 hour post-transfusion survival, on average
for a given storage system. However, it has been appreciated
for over forty years that there is tremendous variability in
how individual units of RBCs store from different human
donors'-?, Even for current blood storage solutions, 24 hour
post-transfusion recoveries range from 35% to 100%° It has
been further observed that RBC storage is reproducible from
donation to donation for a given donor’*, suggesting a
potential genetic component'®. Despite extensive study,
there is no measurable entity known to predict how an RBC
unit will do when transfused. For this reason, currently, there
are no quality control measures (or unit release criteria)
regarding quality of RBC units.

[0005] This is a medical problem for a number of reasons.
First, RBCs that survive poorly post-transfusion result in a
less efficacious product from the standpoint of RBC replace-
ment. However, even more important is the notion that
RBCs that are cleared from circulation represent a toxic
insult to the recipient, which may result in morbidity and/or
mortality. A second issue is what biochemical markers may
predict RBCs that are going to be toxic from pathways other
than simple RBC clearance.

[0006] There are currently no existing techniques to pre-
dict post-transfusion survival of RBC units or toxicity of
said units. Thus, the present disclosure satisfies these and
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other needs. Disclosed herein is a method for assessing a
RBC unit (prior to transfusion) allowing the prediction of its
post-transfusion survival and toxicity. Specifically, bio-
chemical markers that predict if RBCs will survive well
post-transfusion or will be toxic are presented herein.

SUMMARY

[0007] Described herein are compositions and methods for
determining post-transfusion survival and toxicity of a RBC
unit by measuring the levels of one or more markers,
including Steap3, in a RBC sample.

[0008] In a first aspect, disclosed herein is a method of
determining post-transfusion survival of red blood cells
(RBC) prior to transfusion, the method comprising the steps
of: a) providing a sample of RBC; b) measuring the level of
activity of Steap3 protein in the RBC sample; ¢) comparing
the level of activity of Steap3 protein in the RBC sample
with the level of Steap3 protein activity in a control RBC
sample, wherein a higher level of activity of Steap3 protein
in the RBC sample as compared to the control sample is
indicative of a lower RBC storage quality.

[0009] In a second aspect, disclosed herein is a method of
determining the suitability of a red blood cell (RBC) unit for
transfusion, the method comprising the steps of: a) provid-
ing a sample of RBC; b) measuring the level of activity of
Steap3 protein in the RBC sample; ¢) comparing the level of
activity of Steap3 protein in the RBC sample with the level
of Steap3 protein activity in a control sample, wherein a
higher level of activity of Steap3 protein in the RBC sample
is indicative of a lower suitability for transfusion.

[0010] In various embodiments of the first and second
aspects, the measurement is performed at the time of col-
lection of the RBC sample.

[0011] In various embodiments of the first and second
aspects, the measurement is performed during the time of
storage of the RBC sample.

[0012] In various embodiments of the first and second
aspects, the measurement of activity is performed by deter-
mining ferric reductase activity.

[0013] In various embodiments of the first and second
aspects, the level is 2-200 fold higher than in the control
sample.

[0014] In a third aspect, disclosed herein is a method of
evaluating the suitability of a human subject to be blood
donor comprising: (a) providing a biological sample from
the human subject, wherein the sample comprises all, or a
portion of, an Steap3 gene; and (b) detecting the presence of
a polymorphism in the Steap3 gene or the portion thereof in
the sample, wherein the Steap3 gene comprises at least 90%
sequence identity to SEQ ID NO: 2; and (c) evaluating the
human subject for suitability as a blood donor based on the
presence of a polymorphism in the Steap3 gene or the
portion thereof.

[0015] In various embodiments of the third aspect, the
polymorphism in the Steap3 gene results in a A>V substi-
tution at position 350 of the protein sequence.

[0016] In various embodiments of the third aspect, the
polymorphism in the Steap3 gene results in reduced activity
of the Steap3 protein.

[0017] In a fourth aspect, disclosed herein is a method of
evaluating the suitability of a human subject to be blood
donor comprising: (a) providing a biological sample from
the human subject; and (b) determining the level of Steap3
protein activity in the sample; and (¢) evaluating the human



US 2019/0204298 Al

subject as being an unsuitable blood donor based on the
higher level of Steap3 protein activity in the sample as
compared to the activity in a control sample.

[0018] In various embodiments of the fourth aspect, the
protein activity is ferric reductase activity.

[0019] In a fifth aspect, disclosed herein is a method for
determining RBC storage quality, the method comprising
the steps of: obtaining a dataset associated with a sample of
stored blood, wherein the dataset comprises a Steap3
marker; analyzing the dataset to determine data for the
Steap3 marker, wherein the data is positively correlated or
negatively correlated with RBC storage quality of the
sample of stored blood.

[0020] In various embodiments of the fifth aspect, the data
is protein level, mRNA level, protein activity level, or
sequence of the Steap3 protein or nucleic acid.

[0021] In a sixth aspect, disclosed herein is a method for
determining RBC storage quality, the method comprising
the steps of: providing a sample of stored blood, wherein the
sample comprises a Steap3 marker; contacting the sample
with a reagent; generating a complex between the reagent
and the Steap3 marker; detecting the complex to obtain a
dataset associated with the sample, wherein the dataset
comprises expression or activity level or sequence data for
the Steap3 marker; and analyzing the expression or activity
level data for the a Steap3 marker, wherein the expression or
activity level or sequence of the a Steap3 marker is posi-
tively correlated or negatively correlated with RBC storage
quality.

[0022] In aseventh aspect, disclosed herein is a computer-
implemented method for determining RBC storage quality,
the method comprising the steps of: storing, in a storage
memory, a dataset associated with a stored blood sample,
wherein the dataset comprises data for a Steap3 marker; and
analyzing, by a computer processor, the dataset to determine
the expression or activity levels or sequence of the Steap3
marker, wherein the expression or activity levels or
sequence are positively correlated or negatively correlated
with RBC storage quality.

[0023] In an eighth aspect, disclosed herein is a system for
determining RBC storage quality, the system comprising: a
storage memory for storing a dataset associated with a stored
blood sample, wherein the dataset comprises data for a
Steap3 marker; and a processor communicatively coupled to
the storage memory for analyzing the dataset to determine
the activity or expression levels or sequence of the Steap3
marker, wherein the activity or expression levels or
sequence are positively correlated or negatively correlated
with RBC storage quality.

[0024] In a ninth aspect, disclosed herein is a computer-
readable storage medium storing computer-executable pro-
gram code, the program code comprising: program code for
storing a dataset associated with a stored blood sample,
wherein the dataset comprises data for a Steap3 marker; and
program code for analyzing the dataset to determine the
activity or expression levels or sequence of the Steap3
marker, wherein the activity or expression levels or
sequence of the markers are positively correlated or nega-
tively correlated with RBC storage quality.

[0025] In a tenth aspect, disclosed herein is a method for
predicting a negative transfusion outcome, the method com-
prising the steps of: obtaining a dataset associated with a
sample of stored blood, wherein the dataset comprises data
for a Steap3 marker; analyzing the dataset to determine data
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for the at least one marker, wherein the data is positively
correlated or negatively correlated with a negative transtu-
sion outcome if the blood sample is transfused into a patient.
[0026] In an embodiment of the tenth aspect, the data is
protein level, mRNA level, protein activity level, or
sequence of the Steap3 protein or nucleic acid.

[0027] In an eleventh aspect, disclosed herein is a method
for predicting a negative transfusion outcome, the method
comprising the steps of: providing a sample of stored blood,
wherein the sample comprises a Steap3 marker; contacting
the sample with a reagent; generating a complex between the
reagent and the Steap3 marker; detecting the complex to
obtain a dataset associated with the sample, wherein the
dataset comprises expression or activity level or sequence
data for the Steap3 marker; and analyzing the expression or
activity level data for the markers, wherein the expression or
activity level or sequence of the at least one marker is
positively correlated or negatively correlated with a negative
transfusion outcome if the blood sample is transfused into a
patient.

[0028] In a twelfth aspect, disclosed herein is a computer-
implemented method for predicting a negative transfusion
outcome, the method comprising the steps of: storing, in a
storage memory, a dataset associated with a stored blood
sample, wherein the dataset comprises data for a Steap3
marker; and analyzing, by a computer processor, the dataset
to determine the expression or activity levels or sequence of
the Steap3 marker, wherein the expression or activity levels
or sequence are positively correlated or negatively corre-
lated with a negative transfusion outcome if the blood
sample is transfused into a patient.

[0029] In a thirteenth aspect, disclosed herein is a system
for predicting a negative transfusion outcome, the system
comprising: a storage memory for storing a dataset associ-
ated with a stored blood sample, wherein the dataset com-
prises data for a Steap3 marker; and a processor communi-
catively coupled to the storage memory for analyzing the
dataset to determine the activity or expression levels or
sequence of the Steap3 marker, wherein the activity or
expression levels or sequence are positively correlated or
negatively correlated with a negative transfusion outcome if
the blood sample is transfused into a patient.

[0030] In a fourteenth aspect, disclosed herein is a com-
puter-readable storage medium storing computer-executable
program code, the program code comprising: program code
for storing a dataset associated with a stored blood sample,
wherein the dataset comprises data for a Steap3 marker; and
program code for analyzing the dataset to determine the
activity or expression levels of the Steap3 marker, wherein
the activity or expression levels or sequence of the markers
are positively correlated or negatively correlated with a
negative transfusion outcome if the blood sample is trans-
fused into a patient.

[0031] In embodiments of the method or storage medium
or system of the aspects above, the dataset is obtained at the
time of collection of the RBC sample.

[0032] The method or storage medium or system of any
one of the aspects above, wherein the dataset is obtained
during the time of storage of the RBC sample.

[0033] In embodiments of the method or storage medium
or system of the aspects above, the dataset is obtained by
determining ferric reductase activity.

[0034] In a fifteenth aspect, disclosed herein is a method
for determining post-transfusion survival of red blood cells
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(RBC) prior to transfusion comprising: a) generating data on
the level of Steap3 in a sample from the subject; b) gener-
ating data on the level of at least one additional biomarker
or indicator of blood storage ¢) generating a score by
mathematically combining the data in (a) and (b), wherein
the score is indicative of post-transfusion survival of red
blood cells (RBC) in the sample.

[0035] In an embodiment of the fifteenth aspect, the score
is used to determine whether the RBC sample will be
administered to the subject.

[0036] In an embodiment of the fifteenth aspect, the score
is generated by a computer processor.

[0037] In various embodiments of the above, the method
further comprises the step of administering or not adminis-
tering the RBC sample that has been tested.

[0038] In a sixteenth aspect, disclosed herein is a kit for
use in predicting a negative transfusion outcome or red
blood cell (RBC) storage quality, the kit comprising: a set of
reagents comprising a plurality of reagents for determining
from a stored blood sample data for Steap3 marker; and
instructions for using the plurality of reagents to determine
data from the stored blood sample.

[0039] In various embodiments of the sixteenth aspect,
data is protein level, mRNA level, protein activity level, or
sequence of the Steap3 protein or nucleic acid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIGS. 1A-1C shows the correlation between
Steap3 activity and RBC storage.

DETAILED DESCRIPTION

[0041] The present invention generally relates to compo-
sitions and methods for determining post-transfusion sur-
vival and toxicity of RBCs by measuring the levels of one
or more markers in a RBC sample.

[0042] The invention described in this disclosure repre-
sents a method for assessing an RBC unit (prior to transfu-
sion) allowing the prediction of its post-transfusion survival
and toxicity. Among the specific aims are: (1) Biochemical
markers that predict if RBCs will survive well post-trans-
fusion; and (2) Biochemical markers that predict if RBCs are
toxic post-transfusion.

[0043] Red blood cell (RBC) transfusion is a life-saving
therapy, and refrigerated storage is crucial for maintaining
an adequate supply of donor units. However, recent studies
have focused on potential adverse clinical sequelae resulting
from transfusing humans with RBC units stored for longer
periods of time. Indeed, multiple observational studies in
human patients provide data demonstrating inferior clinical
outcomes when older, stored RBC units are transfused!.
Nonetheless, this issue remains controversial because other,
similarly designed human studies, show no difference in
clinical outcome when comparing patients receiving trans-
fusions of older or fresher RBC units'-. To begin to address
this controversy, several prospective human trials are cur-
rently ongoing, and one was recently completed®>. How-
ever, it is not controversial that stored RBCs accumulate
multiple factors that may be toxic when infused (e.g.
microparticles, free iron, free hemoglobin, prostaglandins,
and leukotrienes)®**. <See ref list below>

[0044] One complication in studying RBC transfusion is
that there is considerable donor-to-donor variation in the
effect of refrigerated storage on RBC function and quality. In
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addition, there is a general absence of robust analytic tests
that consistently and accurately predict the quality of a given
RBC unit prior to transfusion®®. Due to the genetic and
environmental complexity of outbred human donor popula-
tions, and the difficulty in limiting the number of indepen-
dent variables in studying human RBC transfusion, we
developed a robust animal model to begin to address these
issues. Using inbred mouse strains in defined environmental
and dietary settings limits the experimental variability of the
system, and allows for deliberate manipulation of indepen-
dent variables.

[0045] It is to be understood that this invention is not
limited to particular methods, reagents, compounds, com-
positions or biological systems, which can, of course, vary.
It is also to be understood that the terminology used herein
is for the purpose of describing particular aspects only, and
is not intended to be limiting. As used in this specification
and the appended claims, the singular forms “a”, “an” and
“the” include plural references unless the content clearly
dictates otherwise.

[0046] The term “about” as used herein when referring to
a measurable value such as an amount, a temporal duration,
and the like, is meant to encompass variations of £20% or
+10%, more preferably 5%, even more preferably 1%,
and still more preferably +0.1% from the specified value, as
such variations are appropriate to perform the disclosed
methods.

[0047] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
invention pertains. Although any methods and materials
similar or equivalent to those described herein can be used
in the practice for testing of the present invention, the
preferred materials and methods are described herein.
[0048] As used herein, “RBC storage quality” is defined as
the extent of post-transfusion recovery of the stored RBCs;
higher recovery is defined as higher quality. Examples of
post-transfusion recovery include greater than zero and
almost 100% recovery, i.e., recovery of 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 100%, and all percent-
ages in between. In one embodiment, an acceptable RBC
storage quality is an average of 75% post-transfusion recov-
ery at 24 hours, as under FDA guidelines.

[0049] As used herein, “toxicity” of a RBC unit is defined
as any adverse reaction associated with transfusion of a RBC
unit, including, but not limited to, hemolytic transfusion
reactions, exposure to free hemoglobin, iron overload,
induction of recipient cytokines, introduction of procoagu-
lant activity, and inhibition of recipient vascular relaxation,
among others.

[0050] As used herein, a RBC umit is less suitable for
transfusion if it has lower RBC quality (i.e., lower post-
transfusion survival) or elevated toxicity as compared to
other RBC units, e.g., as compared to a control.

[0051] An “analyte” or “target” refers to a compound to be
detected. Such compounds can include small molecules,
peptides, proteins, nucleic acids, as well as other chemical
entities. In the context of the present invention, an analyte or
target will generally correspond to the biochemical com-
pounds disclosed herein, or a reaction product thereof.
[0052] To “analyze” includes determining a value or set of
values associated with a sample by measurement of analyte
levels in the sample. “Analyze” may further comprise com-
paring the levels against constituent levels in a sample or set
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of samples from the same subject or other subject(s). For
example, the blood storage markers, such as Steap3, of the
present teachings can be analyzed by any of various con-
ventional methods known in the art.

[0053] The term “biomarker” refers to a molecule (typi-
cally small molecule, protein, nucleic acid, carbohydrate, or
lipid) that is expressed and/or released from a cell, which is
useful for identification or prediction. Such biomarkers are
molecules that can be differentially expressed, e.g., overex-
pressed or underexpressed, or differentially released in
response to varying conditions (e.g., storage). In the context
of the present invention, this frequently refers to Steap3 as
disclosed herein, which shows altered levels of activity in
stored versus non-stored RBCs, for instance, 1-fold, 2-fold,
3-fold, 4-fold, 5-fold or more in stored RBCs versus non-
stored RBCs.

[0054] A “sample” refers to any source which is suspected
of containing an analyte or target molecule. Examples of
samples which may be tested using the present invention
include, but are not limited to, blood, serum, plasma, urine,
saliva, cerebrospinal fluid, lymph fluids, tissue and tissue
and cell extracts, cell culture supernantants, among others. A
sample can be suspended or dissolved in liquid materials
such as buffers, extractants, solvents, and the like. In the
context of the present application, a sample is generally a
stored RBC sample of varying length of storage.

[0055] The term “subject” encompasses a cell, tissue, or
organism, human or non-human, whether in vivo, ex vivo, or
in vitro, male or female.

[0056] The term “generating data” encompasses obtaining
a set of data determined from at least one sample. Gener-
ating data encompasses obtaining a sample, and processing
the sample to experimentally determine the data. The phrase
also encompasses receiving a set of data, e.g., from a third
party that has processed the sample to experimentally deter-
mine the data. Additionally, the phrase encompasses mining
data from at least one database or at least one publication or
a combination of databases and publications. Data can be
obtained by one of skill in the art via a variety of known
ways including stored on a storage memory. Obtaining data
encompasses data which has been generated from a sample,
or data which has been obtained from sources such as patient
medical history and records, physical examinations, treat-
ment history, and the like.

[0057] The term “clinical factor” refers to a measure of a
condition of a subject, e.g., disease activity or severity.
“Clinical factor” encompasses all indicators of a subject’s
health status, including non-sample markers, and/or other
characteristics of a subject, such as, without limitation, age
and gender. A clinical factor can be a score, a value, or a set
of values that can be obtained from evaluation of a sample
(or population of samples) from a subject or a subject under
a determined condition.

[0058] The term “algorithm™ encompasses any formula,
model, mathematical equation, algorithmic, analytical or
programmed process, or statistical technique or classifica-
tion analysis that takes one or more inputs or parameters,
whether continuous or categorical, and calculates an output
value, index, index value or score. Examples of algorithms
include but are not limited to ratios, sums, regression
operators such as exponents or coefficients, biomarker value
transformations and normalizations (including, without
limitation, normalization schemes that are based on clinical
parameters such as age, gender, ethnicity, etc.), rules and
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guidelines, statistical classification models, and neural net-
works trained on populations. Also of use in the context of
blood storage factors are linear and non-linear equations and
statistical classification analyses to determine the relation-
ship between (a) levels of blood storage markers, such as
Steap3, detected in a subject sample and (b) the level of
blood storage or blood quality from the respective subject.
[0059] “Antibody” refers to any immunoglobulin or intact
molecule as well as to fragments thereof that bind to a
specific epitope that may be used in the practice of the
present invention. Such antibodies include, but are not
limited to polyclonal, monoclonal, chimeric, humanized,
single chain, Fab, Fab', F(ab)' fragments and/or F(v) portions
of the whole antibody and variants thereof. All isotypes are
encompassed by this term and may be used in the practice
of this invention, including IgA, IgD, IgE, IgG, and IgM.
[0060] An “antibody fragment” refers specifically to an
incomplete or isolated portion of the full sequence of the
antibody which retains the antigen binding function of the
parent antibody and may also be used in the present inven-
tion. Examples of antibody fragments include Fab, Fab',
F(ab")2, and Fv fragments; diabodies; linear antibodies;
single-chain antibody molecules; and multispecific antibod-
ies formed from antibody fragments.

[0061] An intact “antibody” for use in the invention com-
prises at least two heavy (H) chains and two light (L) chains
inter-connected by disulfide bonds. Each heavy chain is
comprised of a heavy chain variable region (abbreviated
herein as HCVR or VH) and a heavy chain constant region.
The heavy chain constant region is comprised of three
domains, CH,, CH, and CHj;. Each light chain is comprised
of a light chain variable region (abbreviated herein as LCVR
or V;) and a light chain constant region. The light chain
constant region is comprised of one domain, C;. The V and
V, regions can be further subdivided into regions of hyper-
variability, termed complementarity determining regions
(CDR), interspersed with regions that are more conserved,
termed framework regions (FR). Each V,; and V, is com-
posed of three CDRs and four FRs, arranged from amino-
terminus to carboxyl-terminus in the following order: FR1,
CDR1, FR2, CDR2, FR3, CDR3, FR4. The variable regions
of the heavy and light chains contain a binding domain that
interacts with an antigen. The constant regions of the anti-
bodies can mediate the binding of the immunoglobulin to
host tissues or factors, including various cells of the immune
system (e.g., effector cells) and the first component (Clq) of
the classical complement system. The term antibody
includes antigen-binding portions of an intact antibody that
retain capacity to bind. Examples of binding include (i) a
Fab fragment, a monovalent fragment consisting of the V,,
V4. C, and CH1 domains; (ii) a F(ab'), fragment, a bivalent
fragment comprising two Fab fragments linked by a disul-
fide bridge at the hinge region; (iii) a Fd fragment consisting
of the VH and CH1 domains; (iv) a Fv fragment consisting
of the V; and V,, domains of a single arm of an antibody, (v)
a dAb fragment (Ward et al., Nature, 341:544-546 (1989)),
which consists of a VH domain; and (vi) an isolated comple-
mentarity determining region (CDR).

[0062] “Single chain antibodies” or “single chain Fv
(scFv)” may also be used in the present invention. This term
refers to an antibody fusion molecule of the two domains of
the Fv fragment, V; and V. Although the two domains of
the Fv fragment, V, and V;, are coded for by separate genes,
they can be joined, using recombinant methods, by a syn-
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thetic linker that enables them to be made as a single protein
chain in which the V; and V regions pair to form mon-
ovalent molecules (known as single chain Fv (scFv); see,
e.g., Bird et al., Science, 242:423-426 (1988); and Huston et
al., Proc Natl Acad Sci USA, 85:5879-5883 (1988)). Such
single chain antibodies are included by reference to the term
“antibody” fragments can be prepared by recombinant tech-
niques or enzymatic or chemical cleavage of intact antibod-
ies.

[0063] A “monoclonal antibody” may be used in the
present invention. Monoclonal antibodies are a preparation
of antibody molecules of single molecular composition. A
monoclonal antibody composition displays a single binding
specificity and affinity for a particular epitope.

[0064] In one embodiment, the antibody or fragment is
conjugated to an “effector” moiety. The effector moiety can
be any number of molecules, including labeling moieties
such as radioactive labels or fluorescent labels.

[0065] A “label” or a “detectable moiety” is a composition
detectable by spectroscopic, photochemical, biochemical,
immunochemical, chemical, or other physical means. For
example, useful labels include **P, fluorescent dyes, elec-
tron-dense reagents, enzymes (e.g., as commonly used in an
ELISA), biotin, digoxigenin, or haptens and proteins which
can be made detectable, e.g., by incorporating a radiolabel
into the peptide or used to detect antibodies specifically
reactive with the peptide.

[0066] Samples of RBCs stored for various amounts of
time are compared to “control” samples which can be
freshly drawn RBCs or RBCs which have been minimally
stored. Control samples are assigned a relative analyte
amount or activity to which sample values are compared.
Relevant levels of analyte elevation occur when the sample
amount or activity value relative to the control is 110%,
more preferably 150%, more preferably 200-500% (i.e., two
to five fold higher relative to the control), more preferably
1000-3000% higher. Alternatively, relevant levels of analyte
decrease occur when the sample amount or activity value
relative to the control is 90%, more preferably 50%, more
preferably 20-50% (i.e., two to five fold lower relative to the
control), more preferably 20-100% lower.

[0067] Assays for many of the biochemical compounds
disclosed herein are known or commercially available.
[0068] For example, antibody reagents can be used in
assays to detect the levels of analytes in RBC samples using
any of a number of immunoassays known to those skilled in
the art.

[0069] Immunoassay techniques and protocols are gener-
ally described in Price and Newman, “Principles and Prac-
tice of Immunoassay,” 2nd Edition, Grove’s Dictionaries,
1997; and Gosling, “Immunoassays: A Practical Approach,”
Oxford University Press, 2000. A variety of immunoassay
techniques, including competitive and non-competitive
immunoassays, can be used. See, e.g., Self et al., Curr. Opin.
Biotechnol., 7:60-65 (1996). The term immunoassay encom-
passes techniques including, without limitation, enzyme
immunoassays (EIA) such as enzyme multiplied immuno-
assay technique (EMIT), enzyme-linked immunosorbent
assay (ELISA), IgM antibody capture ELISA (MAC
ELISA), and microparticle enzyme immunoassay (META);
immunohistochemical (IHC) assays; capillary electrophore-
sis immunoassays (CEIA); radioimmunoassays (RIA);
immunoradiometric assays (IRMA); fluorescence polariza-
tion immunoassays (FPIA); and chemiluminescence assays
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(CL). If desired, such immunoassays can be automated.
Immunoassays can also be used in conjunction with laser
induced fluorescence. See, e.g., Schmalzing et al., Electro-
phoresis, 18:2184-93 (1997); Bao, J. Chromatogr. B.
Biomed. Sci., 699:463-80 (1997). Liposome immunoassays,
such as flow-injection liposome immunoassays and lipo-
some immunosensors, are also suitable for use in the present
invention. See, e.g., Rongen et al., J. Immunol. Methods,
204:105-133 (1997). In addition, nephelometry assays, in
which the formation of protein/antibody complexes results
in increased light scatter that is converted to a peak rate
signal as a function of the marker concentration, are suitable
for use in the methods of the present invention. Nephelom-
etry assays are commercially available from Beckman
Coulter (Brea, Calif.; Kit #449430) and can be performed
using a Behring Nephelometer Analyzer (Fink et al., J. Clin.
Chem. Clin. Biochem., 27:261-276 (1989)).

[0070] Specific immunological binding of the antibody to
proteins can be detected directly or indirectly. Direct labels
include fluorescent or luminescent tags, metals, dyes, radio-
nuclides, and the like, attached to the antibody. A chemilu-
minescence assay using a chemiluminescent antibody spe-
cific for the protein is suitable for sensitive, non-radioactive
detection of protein levels. An antibody labeled with fluo-
rochrome is also suitable. Examples of fluorochromes
include, without limitation, DAPI, fluorescein, Hoechst
33258, R-phycocyanin, B-phycoerythrin, R-phycoerythrin,
rhodamine, Texas red, and lissamine. Indirect labels include
various enzymes well known in the art, such as horseradish
peroxidase (HRP), alkaline phosphatase (AP), p-galactosi-
dase, urease, and the like. A horseradish-peroxidase detec-
tion system can be used, for example, with the chromogenic
substrate tetramethylbenzidine (TMB), which yields a
soluble product in the presence of hydrogen peroxide that is
detectable at 450 nm. An alkaline phosphatase detection
system can be used with the chromogenic substrate p-nitro-
phenyl phosphate, for example, which yields a soluble
product readily detectable at 405 nm. Similarly, a -galac-
tosidase detection system can be used with the chromogenic
substrate o-nitrophenyl-p-D-galactopyranoside (ONPG),
which yields a soluble product detectable at 410 nm. An
urease detection system can be used with a substrate such as
urea-bromocresol purple (Sigma Immunochemicals; St.
Louis, Mo.).

[0071] A signal from the direct or indirect label can be
analyzed, for example, using a spectrophotometer to detect
color from a chromogenic substrate; a radiation counter to
detect radiation such as a gamma counter for detection of
1231 or a fluorometer to detect fluorescence in the presence
of light of a certain wavelength. For detection of enzyme-
linked antibodies, a quantitative analysis can be made using
a spectrophotometer such as an EMAX Microplate Reader
(Molecular Devices; Menlo Park, Calif.) in accordance with
the manufacturer’s instructions. If desired, the assays of the
present invention can be automated or performed roboti-
cally, and the signal from multiple samples can be detected
simultaneously.

[0072] The antibodies can be immobilized onto a variety
of solid supports, such as magnetic or chromatographic
matrix particles, the surface of an assay plate (e.g., micro-
titer wells), pieces of a solid substrate material or membrane
(e.g., plastic, nylon, paper), and the like. An assay strip can
be prepared by coating the antibody or a plurality of anti-
bodies in an array on a solid support. This strip can then be
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dipped into the test sample and processed quickly through
washes and detection steps to generate a measurable signal,
such as a colored spot.

[0073] 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 “MS” refers to an analytical technique to
identify compounds by their mass. 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) ionizing 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 suitable
means. A “mass spectrometer” generally includes an ionizer
and an ion detector. In general, one or more molecules of
interest are ionized, and the ions are subsequently intro-
duced into a mass spectrographic instrument where, due to
a combination of magnetic and electric 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;” U.S. Pat. No. 6,107,
623, entitled “Methods and Apparatus for Tandem Mass
Spectrometry;” U.S. Pat. No. 6,268,144, entitled “DNA
Diagnostics Based On Mass Spectrometry;” U.S. Pat. No.
6,124,137, entitled “Surface-Enhanced Photolabile Attach-
ment And Release For Desorption And Detection Of Ana-
lytes;” Wright et al., Prostate Cancer and Prostatic Diseases
1999, 2: 264-76; and Merchant and Weinberger, Electropho-
resis 2000, 21; 1164-67.
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[0074] As used herein, the term “gas chromatography” or
“GC” refers to chromatography in which the sample mixture
is vaporized and injected into a stream of carrier gas (as
nitrogen or helium) moving through a column containing a
stationary phase composed of a liquid or a particulate solid
and is separated into its component compounds according to
the affinity of the compounds for the stationary phase.
[0075] As used herein, the term “liquid chromatography”
or “LC” means a process of selective retardation of one or
more components of a fluid solution as the fluid 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.e.,
mobile phase), as this fluid moves relative to the stationary
phase(s). Examples of “liquid chromatography” include
reverse phase liquid chromatography (RPLC), high perfor-
mance liquid chromatography (HPLC), and turbulent flow
liquid chromatography (TFLC) (sometimes known as high
turbulence liquid chromatography (HTLC) or high through-
put liquid chromatography).

[0076] Steap3

[0077] The Steap3 gene encodes a metalloreductase with
the activity of coverting iron from an insoluble ferric (Fe**)
to a soluble ferrous (Fe**) form.

[0078] Reference sequences for the mouse gene and pro-
tein have the NCBI accession numbers NM_001085409 and
NP_001078878. The human gene and protein have the
NCBI accession number NM_001008410. Representative
sequences of Steap3 genes and proteins are shown below.

TABLE 1

Accession
SEQ Number And

ID NO Description Amino acid/nucleotide sequence

1 NM 001008

MPEEMDKPLISLHLVDSDS SLAKVPDEAPKVGILGSGDFARSLATRLVGSGFKVVVGSRNPKRT

410 ARLFPSAAQVTFQEEAVSSPEVIFVAVFREHYSSLCSLSDQLAGKILVDVSNPTEQEHLQHRES

Human
protein

NAEYLASLFPTCTVVKAFNVISAWTLOAGPRDGNRQVPICGDQPEAKRAVS EMALAMGFMPVDM
GSLASAWEVEAMPLRLLPAWKVPTLLALGLFVCFYAYNFVRDVLQPYVQESQNKFFKLPVSVVN

TTLPCVAYVLLSLVYLPGVLAAALQLRRGTKYQRFPDWLDHWLQHRKQIGLLSFFCAALHALYS
FCLPLRRAHRYDLVNLAVKQVLANKSHLWVEEEVWRMEIYLSLGVLALGTLSLLAVTSLPSIAN
SLNWREFSFVQSSLGFVALVLSTLHTLTYGWTRAFEESRYKFYLPPTFTLTLLVPCVVILAKAL
FLLPCISRRLARIRRGWERESTIKFTLPTDHALAEKTSHV

2 NM 001008

gaggaggage ctegggecga gecaccgect tegeegegga cettcagetg

410 ccgeggtegeteegagegge gggecgcaga gecaccaaaa tgecagaaga gatggacaag

Human

ccactgatcagectecacct ggtggacage gatagtagee ttgecaaggt cecegatgag

nucleotide geeocccaaagtgggeatect gggtageggg gactttgece geteectgge cacacgecty
gtgggctetggettcaaagt ggtggtgggy agecgeaace ccaaacgcac agccaggetg
tttecctecageggeccaagt gactttecaa gaggaggeag tgagetcece ggaggteate
tttgtggetgtgttecggga geactactet tcactgtgea gtetcagtga ccagetggey
ggcaagatectggtggatgt gagcaaccet acagagcaayg ageaccttea geategtgag
tccaatgetgagtacetgge cteectette cccacttgca cagtggtcaa ggectteaat
gteatctetgectggaceet geaggetgge ccaagggaty gtaacaggea ggtgeccate
tgcggtgaccagecagaage caagegtget gteteggaga tggegetege catgggette
atgecegtggacatgggate cctggegtea gectgggagy tggaggecat geeccetgege
ctoeteccggectggaaggt geccacectyg ctggecctgy ggetettegt ctgettetat
gectacaacttegteeggga cgttetgeag cectatgtge aggaaageca gaacaagtte
ttcaagetgecegtgteegt ggtecaacace acactgecgt gegtggecta cgtgetgety
tcactegtgtacttgecegyg cgtgetggeg getgecetge agetgeggey cggcaccaag
taccagegetteecegacty getggaccace tggetacage acegeaagca gategggety
ctcagettettetgegeege cctgeacgee ctetacaget tetgettgee getgegeege
gecccacegetacgacctggt caacctggea gtcaagcagg tcttggecaa caagagecac
ctotgggtyggaggaggaggt ctggeggatyg gagatctace tetcectggy agtgetggece
ctoggcacgttgtecetget ggeegtgace tcactgeegt ccattgecaaa ctegetcaac
tggagggagttcagettegt tcagtcctca ctgggettty tggccctegt getgagcaca
ctgcacacgctcacctacgg ctggaccege gecttegagy agagecgeta caagttcetac
ctgecteccacctteacget cacgetgetyg gtgeectgeg tegteatect ggecaaagece
ctgtttetectgecctgeat cagecgcaga ctegecagga tceggagagy ctgggagagyg
gagagcaccatcaagttcac getgeccaca gaccacgece tggccegagaa gacgagecac
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TABLE 1-continued

Accession
SEQ Number And

ID NO Description Amino acid/nucleotide sequence

3 NP_001078
878
Mouse
protein

4 NM_ 001085
409
Mouse
nucleotide

gtatgaggtgeetgecetygy
cgttaggttttettttetty
gaggtccaaatteetgggac
atgtgtatatgtatttacat
tagctaaaaagttgggtete

getetggace
gtggtgcaaa
tcaaatgtat
atattccaca
tgagattteca

cegggeacac
gtggtataac
gecagtactat
tatataacag
acttgtagat

gagggacggt
tgtgtgcaaa
tcagaatgat
gatttgcaat
ttaaaaacaa

geectgagee
taggaggttt
atacacacat
tatacatage
gtgcegtacy

ttaagagaaggcagatcat gectattgtga catttgcaga gatatacaca cactttttgt

acagaagaggettgtgetgt
ttecettttgetacttecee
caacggctetgeccagagec
acctggggcageageaggag
gtgectggtectttgeecgy
teatcettgetgagtgggyy
caaatggatcctectgtgag
cttgggaacaagtgtaattt
actgtgectteteaccettt
gaccctttagaaatcagece
cecegggegtcagagttgag
tgaggaaaaatattggggac
gectecaacttectecteaty
caaagctacaaacctaaaat
gcecacaggacgtetgtecte
ttacttcccctgtgaagaaa
ggttgatctgecacagaaaa
tectgggeccaaagecatet
agagagaatgtcacagatga
ctcatgtetatgeageacat
aggatagctcattaggeaca
geaggtattttecatctget
cactgatggagcatcagetg
cagagattttagcattgect
cagggagagcatgggcaatg
gectgecctgggecagggaa
agtgcacgtectececttee
ataaggtgggtggcaggagg
cgggetgtgtactgggecct
actggcagcagcatcccgag

tgggtacaaaagtgcctcaa
gatatctaaaatctatgect
gtataaaagcagtgcaaata

MSGEMDKPLI SRRLVDSDGS LAEVPKEAPK VGILGSGDFA RSLATRLVGS

GFSVVVGSRNPKRTAGLFPS
LVDVSNPTEKEHLQHRQSNA
QPEAKRTISEMARAMGFTPL
FIRDVLQPYIRKDENKFYKM
FPDWLDHWLQHRKQIGLLSF
EEEVWRMEIYLSLGVLALGM
LTYGWTRAFEENHYKFYLPP
VKFMLPGDHTQGEKTSHV

ggtgggtteg
aaggctetty
atccctggag
gcetggggag
tggtgggagg
agacatttte
agtgacgtca
cettecctee
ccatctteag
aagggggaga
ccctgectyy
tccaaatgte
gggcattaca
getgetgeee
cagtcacagg
caggtgttet
agcatctttyg

atttatcecet
cagagctagg
catgtgagca
gaggaaaate
atggagggat
cctgaaagte
cctectttec
tttaacetygg
tttgaatgac
gcaagagaaa
gctgaaggac
ctectggcaga
cttcaaaaca
caaagcacaa
ccatecttyge
cggetgagec
aagacaaaga

gececacceca
getetgaagy
geggetggte
aggeagtegyg
tgggetgaag
agaagtcacc
agagccatta
cgatgagegt
tecccaggaag
acactctagg
tgtctteacy
ggacccagaa
gtggggagea
gagggaagag
tgctecctac
cecaacecte

gggtgaggte

cececacaac
ggagggaagy
tettecctee
cetggagtet
ctgetecace
atagagcctyg
gtgagecetgg
cetttaaace
gcctagagea
gagtaaagcet
aagtcagtce
aaccacactg
actttteccac
caccgcecggyg
tgactctage
tgcagaacca
ttcatgagte

tctgatgga ggaagagagt agggccagtg aaggetgecc

ggctgeceet
aagggttett
tgaccgatge
gtgccaaggce
tggecccacag
tggcataaca
gagacccace
tggetectta
cacccaccte
gaacaggtgc
gactgtgegt
agcacatcat
cgacatgete
tcaaaagagt
aacacctaac

LAQVTFQEEA
EYLASLFPAC
DMGSLASARE
PLSVVNTTLP
FFAMLHALYS
LSLLAVTSLP
TFTLTLLLPC

gceecceeece
cagtgaaaag
agggaaggcc
tgageggcag
agagccttge
agggcccate
aatgatccce
taccaaagat
tggctgaagg
cacctgetgg
ccactgetgt
ctccacagcec
tggaaatcce
ctetgttttt
cttctgcaaa

VSSPEVIFVA
TVVKAFNVIS
VEAIPLRLLP
CVAYVLLSLV
FCLPLRRSHR
SIANSLNWKE
VIILAKGLFL

cgecagggag
caggagaaga
atgecgggga
aaacttgtet
tgagaagggg
gattcectac
aacceeggty
getggeacat
tgctcaagag
acaatcacac
cttecectace
tggtaaattc
aaatgccaca
tttttttaac

VFREHYSSLC
AWALQAGPRD
SWKVPTLLAL
YLPGVLARAL
YDLVNLAVKQ
FSFVQSTLGF
LPCLNRRLTK

gtttcatgag
gcccactgea
agctettect
cataaattgg
gcaggtaaag
taatgagagg
ggtactgget
agcagaacce
ggaagcaatt
gaaaggcagg
tcaccagget
catgtgecte
gtetgaggtt
ctggtagaca

SLADQLAGKI
GNRQVLICSD
GLFVCFYTYN
QLRRGTKYQR
VLANKSRLWA
VALILSTMHT
IRRGWEKDGA

tcacactcta tctcagacct tgagctaaag gactctceca aggcgagggyg

geccactgettactggggece
ggagaacctggtatgccaca
agaaatggctgcagaggccce
ctgtggaaagtcaccagaga
gtetgtggggcagggaggaa
ccagacteccatctgecatgga
aagtccacgaaggcactget
tagtggacagtgatggcagt
tgggcagtggggattttgece
tggtggtggggagccgtaac
tgacttteccaggaggaagec
agcactattcctcactgtge
taagcaaccccacggagaag
ccteactetttectgegtyge
tacaggctggcccaagggat
ccaagegeaccatctcagag
ceectggectcagegagggag
tgcccacectectggeactyg
acgttctacagccatacatt
tggtcaacaccacactacce
gtgtgctggcagetgegett
ggctggaccactggetgeay

tccacctggg
tctcaactta
acaggcagca
agaaaggcag
gcagggcata
ctgattccag
atgtcggggg
ctggctgagg
cgttecctygg
cccaaacgca
gtgagctcte
agtctegetg
gagcatctte
actgtggtga
gggaacaggc
atggcacgceg
gtagaagcca
gggctetttyg
cggaaagatg
tgtgtggett
cagctgegga
catecgcaage

aaggagaggt
tgatgtgagce
gggctettge
tgceggecgac
gaagacacag
gtgctagggt
agatggacaa
tceccaagga
ccacacgect
cggetggect
cagaggtcat
accagttgge
agcaccgcca
aggccttcaa
aggtgctcat
ccatgggttt
taccectgeg
tgtgcttcta
agaacaagtt
atgtgctget
gggggaccaa
agatcggget

taaaggtgac
tccagccace
cccaccatee
tctagaccty
gaagcaactc
tectttetea
geegetgate
ggcceccaaa
ggtgggcetct
cttececctee
ctttgtggee
tggcaagatc
gtctaacget
cgtcatctet
ctgcagtgat
cacaccecty
cctectteca
cacctacaac
ctacaagatyg
gteccctagty
gtaccagcgce
gctcagette

ccagggttaa
cagcttcaga
cctcagaggg
gtgagctgga
tgccctgatt
gaaaccccag
agcegeegece
gtgggcatce
ggcttcagtyg
ttagctcaag
gtgttccggy
ctegtggatg
gagtacctgg
gcatgggece
cagccagaag
gacatgggat
tecctggaagyg
ttcatccgag
ceettgtetyg
tacctgeeceg
ttcecagact
ttettegega
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TABLE 1-continued
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Accession
SEQ Number And
ID NO Description Amino acid/nucleotide sequence

tgctgeacgetetetacage ttetgectge cgetgegeey cteccacege tacgacetygg
tcaatetggetgtgaageag gtectggeca acaagageeg cctetggget gaggaagaag
tetggaggatggagatatac ctgtecetgg gtgtgetgge cetgggeatyg ttgtegetge
tggctgteacctegeteceg tecattgeta atteecteaa ctggaaggag tteagetteg
tgcagtccacactgggette gtggecctga tactcageac aatgcacaca cteacctacg
goetggaccegtgectttgay gaaaaccact acaagtteta cetgeegecee acattcacac
tcacgetgetectgecetgt gtgatcatee tggecaaggyg cctettect ctgeectgec
tcaacegeagactcaccaag atacgcaggg getgggagaa agatgggget gtcaagttea
tgctgeccggegaccacaca cagggggaga aaacaagceca cgtgtgagge cctggaagtg
gagatggettgtgggggece tgagetgggt tegggtetet tttetggatg ctgcacageg
aggtgatgatatatgegtygg gtggetgaga tectaattee tgggatgecag gtgtaaactg
acatactcagaatgacacce catacatgtg atatgtactt acatatattt cacatataat
aagatttgctattattetta cttagctaaa aaaaaaaagt gggtccctat atttcagegt
aagcatttcaaagcaaatge cacacattga acagcagate ccacccttgt ggtatctaca
gaggcagacagacactctgy tataggagaa actgtcttte gttggattet ctectttaat
ctctatgetecttattaget gaatcctaaa gttggtgcaa agetggggea agaaatgect
ctggtgecgectacceccat cccagggeta agaaagaage ctegagtgaa cagggaacca
ggtctggactetgetgette cetgggegty cgtggggagyg ctcagcaaga cccectggga
tctatgcaggagetttttea ggtecegtect ttettcaggy aagggtcetga agetgeccca
tectgatcctagetgagetga gaagattett ceeccacccee tgaaagtoca gagtcaccac
cggagectgcaaattgatee ttetgegaag gtgtgaagte accgectcote cagagecatt
aatgaacctggtctteggga ggaggataat tgtttectet cceattaagtt getggtgace
cccectttaaatcactgtge cttetegect tttecatcat taatttggac atcteegtygg
agtggacacttgtctgggca gteeggggty ggggggagea ttagagattyg cagagaataa
ccatcgaatectettettygg ggcaacccte cecttggatyg tgecccagge ctgectteat
taaattggtccctgaggaga ataataggga cccttttecat ttaccctgte gectgtagge
agaaaacctaccttetgage acccagaaaa cacagtggec ccatgetott cttcaggggg
ttcecacageccecttecceg tgtttttgee teecteecte cttecteoce tecocteecte
ccteactgttacgttcaace acaaaagtcet tcaaatattyg tttttttgaa ttcttaaaga

gacctcattttattacaaaa aaaaaaaaaa aa

[0079] The sequence of Steap3 indicates that it is a six-
transmembrane protein.

[0080] The quantity of Steap3 of the present teachings can
be indicated as a value. The value can be one or more
numerical values resulting from the evaluation of a sample,
and can be derived, e.g., by measuring level(s) of Steap3 in
a sample by an assay performed in a laboratory, or from data
obtained from a provider such as a laboratory, or from data
stored on a server. Steap3 levels can be measured using any
of several techniques known in the art, such as those
described herein.

[0081] The measurement of levels of Steap3 can be deter-
mined at the protein or nucleic acid level using any method
known in the art. “Protein” detection comprises detection of
full-length proteins, mature proteins, pre-proteins, polypep-
tides, isoforms, mutations, variants, post-translationally
modified proteins and variants thereof, and can be detected
in any suitable manner. Levels of Steap3 can be determined
at the protein level directly or by measuring the enzymatic
activities Steap3. Such methods are well-known in the art
and include, e.g., immunoassays based on antibodies to
proteins encoded by the genes, aptamers or molecular
imprints.

[0082] Steap3 can also be determined at the nucleic acid
level. For example, nucleic acid sequences that correspond
Steap3 can be used to construct primers and probes for
detecting and/or measuring Steap3 nucleic acids. These
probes can be used in, e.g., Northern or Southern blot
hybridization analyses, ribonuclease protection assays, and/
or methods that quantitatively amplify specific nucleic acid
sequences. As another example, Steap3 sequences can be
used to construct primers for specifically amplifying Steap3
sequences in, e.g., amplification-based detection and quan-

titation methods such as reverse-transcription based poly-
merase chain reaction (RT-PCR) and PCR. When alterations
in gene expression are associated with gene amplification,
nucleotide deletions, polymorphisms, post-translational
modifications and/or mutations, sequence comparisons in
test and reference populations can be made by comparing
relative amounts of the examined DNA sequences in the test
and reference populations.

[0083] As an example, Northern hybridization analysis
using probes which specifically recognize one or more of
these sequences can be used to determine gene expression.
Alternatively, expression can be measured using RT-PCR;
e.g., polynucleotide primers specific for the differentially
expressed Steap3 mRNA sequences reverse-transcribe the
mRNA into DNA, which is then amplified in PCR and can
be visualized and quantified. Steap3 RNA can also be
quantified using, for example, other target amplification
methods, such as TMA, SDA, and NASBA, or signal
amplification methods (e.g., bDNA), and the like. Ribonu-
clease protection assays can also be used, using probes that
specifically recognize Steap3 mRNA sequences, to deter-
mine gene expression.

[0084] In some embodiments, Steap3 is detected by con-
tacting a subject sample with reagents, generating com-
plexes of reagent and analyte, and detecting the complexes.
Examples of “reagents” include but are not limited to
nucleic acid primers, peptides, small molecules, substrates
for the enzyme, and antibodies.

[0085] Various methods to detect Steap3 levels are known
in the art. For example, various PCR based assays such as
TagMan assays are known in the art and are commercially
available.
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[0086] The sequence of Steap3 can be determined using
any of the methods for nucleic acid sequence determination
known in the art, such as conventional Sanger sequencing or
NextGen sequencing methods.

[0087] At the protein level, various antibodies directed
against the Steap3 protein are known in the art and are
commercially available. Steap3 ELISA kits are also com-
mercially available.

[0088] Assays to measure Steap3 activity are also known.
For example, an assay that measures the production of
ferrous iron using 200 pM ferrozine as an indicator and
monitoring the increase in absorbance at A=562 nm may be
used. See, e.g., Ohgami et al., “The Steap proteins are
metalloreductases”, Blood, 108: 1388-1394 (2006).

[0089] In some embodiments, data on the level or activity
or sequence of Steap3 may be combined with other indica-
tors or biomarkers of blood storage, such as those disclosed
in U.S. Patent Application No. 2014/0178904, to obtain a
score which is indicative of blood storage quality.

[0090] The information from the assays above can be
quantitative and sent to a computer system of the invention.
The information can also be qualitative, such as observing
patterns or fluorescence, which can be translated into a
quantitative measure by a user or automatically by a reader
or computer system. In an embodiment, the subject can also
provide information other than assay information to a com-
puter system, such as race, height, weight, age, gender, eye
color, hair color, family medical history and any other
information that may be useful to a user, such as a clinical
factor described above.

[0091] Other embodiments of the present teachings com-
prise Steap3 detection reagents packaged together in the
form of a kit for conducting any of the assays of the present
teachings. In certain embodiments, the kits comprise
reagents for protein detection of Steap3 proteins, such as
antibodies. For example, the kit may comprise antibodies or
fragments thereof, specific for Steap3 (primary antibodies),
along with one or more secondary antibodies that may
incorporate a detectable label; such antibodies may be used
in an assay such as an ELISA. Alternately, the antibodies or
fragments thereof may be fixed to a solid surface, e.g. an
antibody array. In certain embodiments, the kits comprise
oligonucleotides that specifically identify one or more
Steap3 nucleic acids based on homology and/or comple-
mentarity with Steap3 nucleic acids. The oligonucleotide
sequences may correspond to fragments of Steap3 nucleic
acids. For example, the oligonucleotides can be more than
200, 200, 150, 100, 50, 25, 10, or fewer than 10 nucleotides
in length. In other embodiments, the kits comprise antibod-
ies to proteins encoded by the Steap3 nucleic acids. The kits
of the present teachings can also comprise aptamers. The kit
can contain in separate containers a nucleic acid or antibody
(the antibody either bound to a solid matrix, or packaged
separately with reagents for binding to a matrix), control
formulations (positive and/or negative), and/or a detectable
label, such as but not limited to fluorescein, green fluores-
cent protein, rhodamine, cyanine dyes, Alexa dyes,
luciferase, and radiolabels, among others. Instructions for
carrying out the assay, including, optionally, instructions for
generating a DAI score, can be included in the kit; e.g,,
written, tape, VCR, or CD-ROM. The assay can for example
be in the form of a Northern hybridization or a sandwich
ELISA as known in the art.
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[0092] In some embodiments of the present teachings,
Steap3 detection reagents can be immobilized on a solid
matrix, such as a porous strip, to form at least one Steap3
detection site. In some embodiments, the measurement or
detection region of the porous strip can include a plurality of
sites containing a nucleic acid. In some embodiments, the
test strip can also contain sites for negative and/or positive
controls. Alternatively, control sites can be located on a
separate strip from the test strip. Optionally, the different
detection sites can contain different amounts of immobilized
nucleic acids, e.g., a higher amount in the first detection site
and lesser amounts in subsequent sites. Upon the addition of
test sample, the number of sites displaying a detectable
signal provides a quantitative indication of the amount of
Steap3 in the sample. The detection sites can be configured
in any suitably detectable shape and can be, e.g., in the shape
of a bar or dot spanning the width of a test strip.

[0093] In other embodiments of the present teachings, the
kit can contain a nucleic acid substrate array comprising one
or more nucleic acid sequences. In some embodiments the
substrate array can be on a solid substrate, such as what is
known as a “chip.” See, e.g., U.S. Pat. No. 5,744,305. In
some embodiments the substrate array can be a solution
array; e.g., XMAP (Luminex, Austin, Tex.), Cyvera (Illu-
mina, San Diego, Calif.), RayBio Antibody Arrays (Ray-
Biotech, Inc., Norcross, Ga.), CellCard (Vitra Bioscience,
Mountain View, Calif.) and Quantum Dots’ Mosaic (Invit-
rogen, Carlsbad, Calif.).

[0094] In some embodiments, the present invention is
practiced using computer implementation. In one embodi-
ment, a computer comprises at least one processor coupled
to a chipset. Also coupled to the chipset are a memory, a
storage device, a keyboard, a graphics adapter, a pointing
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 controller hub and an
1O controller hub. In another embodiment, the memory is
coupled directly to the processor instead of the chipset.
[0095] 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
type of pointing device, and is used in combination with the
keyboard to input data into the computer system. The
graphics adapter displays images and other information on
the display. The network adapter couples the computer
system to a local or wide area network.

[0096] As is known in the art, a computer can have
different and/or other components than those described
previously. In addition, the computer can lack certain com-
ponents. Moreover, the storage device can be local and/or
remote from the computer (such as embodied within a
storage area network (SAN)).

[0097] As is known in the art, the computer is adapted to
execute computer program modules for providing function-
ality 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
in 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.

[0098] Embodiments of the entities described herein can
include other and/or different modules than the ones
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described here. In addition, the functionality attributed to the
modules can be performed by other or different modules in
other embodiments. Moreover, this description occasionally
omits the term “module” for purposes of clarity and conve-
nience.

[0099] The following examples of specific aspects for
carrying out the present invention are offered for illustrative
purposes only, and are not intended to limit the scope of the
present invention in any way.

EXAMPLES
Example 1: Identification of Steap3

Background

[0100] There is substantial donor-to-donor variability in
the quality of human RBC storage. Like humans, RBCs of
different strains of inbred mice store differently; RBCs from
C57BL/6 (B6) mice store well whereas RBCs from FVB
mice store poorly (24-hr post-transfusion recoveries).
[0101] Methods and Materials

[0102] B6xFVB F1 mice were interbred to generate an F2
population that has a random assortment of chromosomes,
including recombination events. F2 mice were phenotyped
by storing RBCs for 7 days, followed by transfusion and
calculation of 24 hour recoveries. DNA from each F2 mouse
was analyzed using a panel of 1400 single nucleotide
polymorphisms (SNPs). Genetic elements associated with
RBC post-transfusion survival were identified by Quantita-
tive Trait Loci (QTL) analysis. Additional resolution was
obtained by backcrossing F2 mice with poor storage to B6
parents, and selecting poor-storing progeny to breed for each
next generation.

[0103] Results

[0104] QTL analysis of 154 F2 mice revealed a peak
signal on chromosome 1 at location rs4137908, with
extreme statistical significance (p=2.09E-31). However, the
peak was broad, and ranged over 149 Mb (using a false-
discovery rate of 0.05). SNP analysis of the backcrossed
pedigree was used to further refine the boundaries to a 9.5
Mb region, containing 64 genes, 35 of which encoded
proteins. Focusing on Non-Synonymous SNPs between B6
and FVB strains identified 5 genes (Gli2, Steap3, Ccdc93,
Rab3gap1, and Tli). Based upon known biology, Steap3 was
chosen as a leading candidate. Steap3 is the primary ferri-
reductase in erythroid cells, converting Fe3+ to Fe2+, both
mitigating oxidative stress and allowing transferrin-depen-
dent iron uptake. Mice lacking Steap3 have profound ane-
mia. Moreover, a human family has been reported with a
nonsense mutation in the human steap3 orthologue and a
congenital hypochromic anemia. The SNP between B6 and
FVB mice leads to an A-V mutation at position 350, which
is within the conserved ferric reductase superfamily domain.

Example 2: Steap3 Activity and RBC Storage

[0105] To test the ability of measuring Steap3 activity as
a predictor of RBC storage from genetically distinct donors,
in a pre-clinical tractable animal model, a variety of different
strains of mice was characterized for RBC storage proper-
ties. Each strain had slightly different RBC storage charac-
teristics, as measured by post-transfusion 24-hour recoveries
of stored RBCs (FIG. 1A). 6 particular stains, ranging in
storage, were chosen for further analysis by ferrizine assay
(measuring Steap3 activity)—(see FIG. 1B). A Pearson’s
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correlation coefficient of -0.7185 was observed between the
ferrizine activity and the 24-hr RBC recoveries (FIG. 10).
These data demonstrate, in a whole animal model, that
measuring Steap3 activity predicts (as an inverse relation-
ship) the post-transfusion circulation of RBCs (e.g. 24-hour
recovery) for donors of different genetic composition.
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While specific aspects of the invention have been described
and illustrated, such aspects should be considered illustra-

tive of the invention only and not as limiting the invention
as construed in accordance with the accompanying claims.
[0122] All publications and patent applications cited in
this specification are herein incorporated by reference in
their entirety for all purposes as if each individual publica-
tion or patent application were specifically and individually
indicated to be incorporated by reference for all purposes.
[0123] Although the foregoing invention has been
described in some detail by way of illustration and example
for purposes of clarity of understanding, it will be readily
apparent to one of ordinary skill in the art in light of the
teachings of this invention that certain changes and modi-
fications can be made thereto without departing from the
spirit or scope of the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4
<210>
<211>
<212>
<213>

SEQ ID NO 1

LENGTH: 488

TYPE: PRT

ORGANISM: Homo sapiens
<400> SEQUENCE: 1
Met Pro Glu Glu Met
1 5

Ile
10

Asp Lys Pro Leu Ser Leu His

Ala Val Pro Glu Ala

25

Ser Leu

20

Ser Asp Ser Lys Asp

Ile Phe Ala

40

Leu Gly Ser Ser Leu Ala

35

Gly Asp Arg

45
Phe

Val Val

55

Gly Val Asn

60

Ser Ser

50

Gly Lys Gly Arg

Ala
65

Phe Ala Ala Gln Val Thr

75

Ser Phe

70

Arg Leu Pro

Val Glu

85

Val Ile Phe Val Ala

90

Ser Ser Pro Val Phe

Gln
105

Ser Ser Leu Cys Ser Leu Ser Leu Ala

100

Asp Gly Lys

Val Thr Glu Gln

120

Glu Gln His

125

Ser Asn Pro His Leu

115

Asp

Ala
130

Glu Ala Ser Leu Phe Pro Thr

135

Tyr Leu Cys

140

Ala
145

Phe Val Ile Ala Thr Gln

155

Ser Leu Ala

150

Asn Trp

Gly Gln Val

165

Asn Arg Pro Ile Cys Gly Asp Gln Pro

170
Ala

Val Glu

180

Met Ala Ala Met

185

Ser Leu Gly Phe Met

Gly Ala Ala Glu

200

Leu Ser Val Glu Ala Met

195

Ser Trp

205

Ala Val Thr Ala Leu

220

Pro Leu Leu

215

Pro
210

Leu Trp Lys

Phe Ala Phe Val Val

235

Asn Leu

230

Cys
225

Tyr Tyr Arg Asp

Gln Glu Gln Phe Phe Leu Pro Val

250

Asn
245

Ser Lys Lys

Pro

Thr

Pro

Gln

Arg

Thr

Gly

Glu

Pro

Pro

Gly

Gln

Ser

Val
15

Leu Asp

Lys Val

30

Gly

Arg Leu Val

Lys Arg Thr

Glu Glu 2la

80
Glu His
95

Tyr

Ile
110

Leu Val

Arg Glu Ser

Val Val Lys

Pro Arg Asp

160
Ala Lys
175

Arg

Val
190

Asp Met

Leu Arg Leu

Leu Phe Val

Val
240

Pro Tyr

Val val

255

Asn
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-continued

Thr Thr Leu Pro Cys Val Ala Tyr Val Leu Leu Ser Leu Val Tyr Leu
260 265 270

Pro Gly Val Leu Ala Ala Ala Leu Gln Leu Arg Arg Gly Thr Lys Tyr
275 280 285

Gln Arg Phe Pro Asp Trp Leu Asp His Trp Leu Gln His Arg Lys Gln
290 295 300

Ile Gly Leu Leu Ser Phe Phe Cys Ala Ala Leu His Ala Leu Tyr Ser
305 310 315 320

Phe Cys Leu Pro Leu Arg Arg Ala His Arg Tyr Asp Leu Val Asn Leu
325 330 335

Ala Val Lys Gln Val Leu Ala Asn Lys Ser His Leu Trp Val Glu Glu
340 345 350

Glu Val Trp Arg Met Glu Ile Tyr Leu Ser Leu Gly Val Leu Ala Leu
355 360 365

Gly Thr Leu Ser Leu Leu Ala Val Thr Ser Leu Pro Ser Ile Ala Asn
370 375 380

Ser Leu Asn Trp Arg Glu Phe Ser Phe Val Gln Ser Ser Leu Gly Phe
385 390 395 400

Val Ala Leu Val Leu Ser Thr Leu His Thr Leu Thr Tyr Gly Trp Thr
405 410 415

Arg Ala Phe Glu Glu Ser Arg Tyr Lys Phe Tyr Leu Pro Pro Thr Phe
420 425 430

Thr Leu Thr Leu Leu Val Pro Cys Val Val Ile Leu Ala Lys 2la Leu
435 440 445

Phe Leu Leu Pro Cys Ile Ser Arg Arg Leu Ala Arg Ile Arg Arg Gly
450 455 460

Trp Glu Arg Glu Ser Thr Ile Lys Phe Thr Leu Pro Thr Asp His Ala
465 470 475 480

Leu Ala Glu Lys Thr Ser His Val
485

<210> SEQ ID NO 2

<211> LENGTH: 3869

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

gaggaggagc ctegggcecga gccaccgect tegecegegga cctteagetg cecgeggtege 60
teccgagegge gggccgcaga gccaccaaaa tgccagaaga gatggacaag ccactgatca 120
gcctecacet ggtggacage gatagtagec ttgccaaggt cceccgatgag gceccccaaag 180

tgggcatcct gggtageggg gactttgece getcecectgge cacacgectg gtgggcetcetyg 240
gcttcaaagt ggtggtgggg agccgcaacc ccaaacgcac agecaggcetg tttceccteag 300
cggcccaagt gactttccaa gaggaggcag tgagctccce ggaggtcatc tttgtggcetg 360
tgttccggga gcactactet tcactgtgca gtctcagtga ccagetggcg ggcaagatcc 420
tggtggatgt gagcaaccct acagagcaag agcaccttca gcatcgtgag tccaatgetg 480
agtacctgge ctcectette cccacttgca cagtggtcaa ggccttcaat gtcatctcetg 540
cctggaccct gcaggcotgge ccaagggatg gtaacaggca ggtgeccatc tgcggtgace 600
agccagaagc caagcgtgct gtctcggaga tggegctcge catgggettc atgccegtgg 660

acatgggatc cctggegtea gectgggagyg tggaggecat gecccetgege ctectecegyg 720
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-continued
cctggaaggt gcccaccctg ctggecctgg ggctcttogt ctgcttetat goctacaact 780
tcgtcocggga cgttetgcag ccctatgtge aggaaagcca gaacaagttce ttcaagctge 840
cegtgtcegt ggtcaacacc acactgccgt gecgtggccta cgtgetgctg tcactegtgt 900
acttgccegyg cgtgetggeg getgecctge agetgeggey cggcaccaag taccagceget 960
tececcecgactyg getggaccac tggctacage accgcaagca gatcgggcetg ctcagcettet 1020
tctgecgecge cctgecacgece ctetacaget tetgettgee getgegecge geccaccget 1080
acgacctggt caacctggca gtcaagcagyg tcettggcecaa caagagecac ctetgggtgyg 1140
aggaggaggt ctggeggatyg gagatctacce tceteectggyg agtgetggece cteggcacgt 1200
tgtcectyget ggcecgtgace tcactgeegt ccattgcaaa ctegetcaac tggagggagt 1260
tcagettegt tcagtectea ctgggcetttg tggecctogt getgagecaca ctgcacacge 1320
tcacctacgyg ctggaccocge gecttegagyg agagecgcta caagttcetac ctgcectecca 1380
ccttecacget cacgetgetyg gtgocctgeyg tegtcatoct ggcecaaagece ctgtttetec 1440
tgccctgeat cagecgcaga ctegecagga tecggagagg ctgggagagg gagagcacca 1500
tcaagttcac gctgcccaca gaccacgcce tyggccgagaa gacgagccac gtatgaggtg 1560
cctgecctgg getetggace ccgggcacac gagggacggt gecectgagee cgttaggttt 1620
tcttttettg gtggtgcaaa gtggtataac tgtgtgcaaa taggaggttt gaggtccaaa 1680
ttcectgggac tcaaatgtat gcagtactat tcagaatgat atacacacat atgtgtatat 1740
gtatttacat atattccaca tatataacag gatttgcaat tatacatagc tagctaaaaa 1800
gttgggtctce tgagatttca acttgtagat ttaaaaacaa gtgccgtacg ttaagagaag 1860
gcagatcatg ctattgtgac atttgcagag atatacacac actttttgta cagaagaggc 1920
ttgtgctgtg gtgggttcga tttatccctg cccaccccac ccccacaact tceccttttge 1980
tacttcccca aggctecttge agagctaggg ctctgaaggg gagggaaggce aacggctctg 2040
cccagagcca tcectggage atgtgagcag cggetggtet cttcectcca cctggggeag 2100
cagcaggagg cctggggagg aggaaaatca ggcagtcgge ctggagtetg tgectggtee 2160
tttgcceggt ggtgggagga tggagggatt gggctgaage tgctecacct catccttget 2220
gagtggggga gacattttcc ctgaaagtca gaagtcacca tagagcctgc aaatggatcc 2280
tcctgtgaga gtgacgtcac ctcctttcca gageccattag tgagectgge ttgggaacaa 2340
gtgtaatttc cttccctect ttaacctgge gatgagegte ctttaaacca ctgtgecttce 2400
tcacccttte catcttcagt ttgaatgact cccaggaagg cctagagcag accctttaga 2460
aatcagccca agggggagag caagagaaaa cactctaggg agtaaagctc cccgggegte 2520
agagttgagc cctgectggg ctgaaggact gtcttcacga agtcagtcct gaggaaaaat 2580
attggggact ccaaatgtcc tctggcagag gacccagaaa accacactygg ctccaactte 2640
ctcctcatgg ggcattacac ttcaaaacag tggggagcaa cttttccacc aaagctacaa 2700
acctaaaatg ctgetgecce aaagcacaag agggaagage accgecgggg ccacaggacg 2760
tetgtecctece agtcacagge catccttget gctcectact gactctaget tacttceccect 2820
gtgaagaaac aggtgttcte ggcectgagecee ccaaccctet gcagaaccag gttgatctge 2880
cacagaaaaa gcatctttga agacaaagag ggtgaggtct tcatgagtct cctgggccca 2940
aagccatctt ctgatggaag gaagagagta gggccagtga aggctgecca gagagaatgt 3000
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-continued

cacagatgag gctgecectyg ceccecccecce gecagggagyg tttcatgagce tcatgtctat 3060
gcagcacata agggttcttc agtgaaaagc aggagaagag cccactgcaa ggatagctca 3120
ttaggcacat gaccgatgca gggaaggcca tgccggggaa gctcttectg caggtatttt 3180
ccatctgetyg tgccaaggcet gagoggcaga aacttgtcte ataaattggce actgatggag 3240
catcagctgt ggcccacaga gagecttgct gagaaggggy caggtaaagce agagatttta 3300
gcattgcctt ggcataacaa gggcccatcg attccectact aatgagagyc agggagagcea 3360
tgggcaatgg agacccacca atgatcccca accceggtgyg gtactggetg cctgeectgyg 3420
gccagggaat ggctecttat accaaagatyg ctggcacata gcagaaccca gtgcacgtece 3480
tccecttece acccacctet ggctgaaggt getcaagagyg gaagcaatta taaggtgggt 3540
ggcaggaggg aacaggtgcce acctgctgga caatcacacg aaaggcaggce gggctgtgta 3600
ctgggcectyg actgtgegte cactgcetgte ttocctacct caccaggcta ctggecagcayg 3660
catcccgaga gcacatcatce tcecacagect ggtaaattcece atgtgcectet gggtacaaaa 3720
gtgcctcaac gacatgcetet ggaaatccca aatgcecacag tcetgaggttg atatctaaaa 3780
tctatgectt caaaagagtc tetgtttttt ttttttaacce tggtagacag tataaaagca 3840
gtgcaaataa acacctaacc ttctgcaaa 3869
<210> SEQ ID NO 3

<211> LENGTH: 488

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 3

Met Ser Gly Glu Met Asp Lys Pro Leu Ile Ser Arg Arg Leu Val Asp
1 5 10 15

Ser Asp Gly Ser Leu Ala Glu Val Pro Lys Glu Ala Pro Lys Val Gly
20 25 30

Ile Leu Gly Ser Gly Asp Phe Ala Arg Ser Leu Ala Thr Arg Leu Val
35 40 45

Gly Ser Gly Phe Ser Val Val Val Gly Ser Arg Asn Pro Lys Arg Thr
50 55 60

Ala Gly Leu Phe Pro Ser Leu Ala Gln Val Thr Phe Gln Glu Glu Ala
65 70 75 80

Val Ser Ser Pro Glu Val Ile Phe Val Ala Val Phe Arg Glu His Tyr
85 90 85

Ser Ser Leu Cys Ser Leu Ala Asp Gln Leu Ala Gly Lys Ile Leu Val
100 105 110

Asp Val Ser Asn Pro Thr Glu Lys Glu His Leu Gln His Arg Gln Ser
115 120 125

Asn Ala Glu Tyr Leu Ala Ser Leu Phe Pro Ala Cys Thr Val Val Lys
130 135 140

Ala Phe Asn Val Ile Ser Ala Trp Ala Leu Gln Ala Gly Pro Arg Asp
145 150 155 160

Gly Asn Arg Gln Val Leu Ile Cys Ser Asp Gln Pro Glu Ala Lys Arg
165 170 175

Thr Ile Ser Glu Met Ala Arg Ala Met Gly Phe Thr Pro Leu Asp Met
180 185 190

Gly Ser Leu Ala Ser Ala Arg Glu Val Glu Ala Ile Pro Leu Arg Leu
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-continued

195 200 205

Leu Pro Ser Trp Lys Val Pro Thr Leu Leu Ala Leu Gly Leu Phe Val
210 215 220

Cys Phe Tyr Thr Tyr Asn Phe Ile Arg Asp Val Leu Gln Pro Tyr Ile
225 230 235 240

Arg Lys Asp Glu Asn Lys Phe Tyr Lys Met Pro Leu Ser Val Val Asn
245 250 255

Thr Thr Leu Pro Cys Val Ala Tyr Val Leu Leu Ser Leu Val Tyr Leu
260 265 270

Pro Gly Val Leu Ala Ala Ala Leu Gln Leu Arg Arg Gly Thr Lys Tyr
275 280 285

Gln Arg Phe Pro Asp Trp Leu Asp His Trp Leu Gln His Arg Lys Gln
290 295 300

Ile Gly Leu Leu Ser Phe Phe Phe Ala Met Leu His Ala Leu Tyr Ser
305 310 315 320

Phe Cys Leu Pro Leu Arg Arg Ser His Arg Tyr Asp Leu Val Asn Leu
325 330 335

Ala Val Lys Gln Val Leu Ala Asn Lys Ser Arg Leu Trp Ala Glu Glu
340 345 350

Glu Val Trp Arg Met Glu Ile Tyr Leu Ser Leu Gly Val Leu Ala Leu
355 360 365

Gly Met Leu Ser Leu Leu Ala Val Thr Ser Leu Pro Ser Ile Ala Asn
370 375 380

Ser Leu Asn Trp Lys Glu Phe Ser Phe Val Gln Ser Thr Leu Gly Phe
385 390 395 400

Val Ala Leu Ile Leu Ser Thr Met His Thr Leu Thr Tyr Gly Trp Thr
405 410 415

Arg Ala Phe Glu Glu Asn His Tyr Lys Phe Tyr Leu Pro Pro Thr Phe
420 425 430

Thr Leu Thr Leu Leu Leu Pro Cys Val Ile Ile Leu Ala Lys Gly Leu
435 440 445

Phe Leu Leu Pro Cys Leu Asn Arg Arg Leu Thr Lys Ile Arg Arg Gly
450 455 460

Trp Glu Lys Asp Gly Ala Val Lys Phe Met Leu Pro Gly Asp His Thr
465 470 475 480

Gln Gly Glu Lys Thr Ser His Val
485

<210> SEQ ID NO 4

<211> LENGTH: 3142

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 4

tcacactcta tctcagacct tgagctaaag gactctccca aggegagggyg gccactgcett 60
actggggecce tccacctggg aaggagaggt taaaggtgac ccagggttaa ggagaacctg 120
gtatgccaca tctcaactta tgatgtgage tecagecace cagetteaga agaaatgget 180
gcagaggccee acaggcagca gggctettge cccaccatece cctcagaggg ctgtggaaag 240

tcaccagaga agaaaggcag tgcggccgac tctagacctyg gtgagetgga gtetgtgggy 300

cagggaggaa gcagggcata gaagacacag gaagcaactc tgccctgatt ccagactcca 360
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tctgcatgga ctgattccag gtgctagggt tcctttctca gaaaccccag aagtccacga 420
aggcactgct atgtcggggg agatggacaa gccgctgatc agcecgccgec tagtggacag 480
tgatggcagt ctggctgagg tccccaagga ggcccccaaa gtgggcatcc tgggcagtgg 540
ggattttgce cgttccetgg ccacacgcct ggtgggctct ggettcagtg tggtggtggg 600
gagccgtaac cccaaacgca cggctggect cttcccctee ttagctcaag tgactttcca 660
ggaggaagce gtgagetctc cagaggtcat ctttgtggee gtgttcceggg agcactatte 720
ctcactgtgc agtctcgetg accagttggc tggcaagatc ctcgtggatyg taagcaacce 780
cacggagaag gagcatcttc agcaccgcca gtctaacgct gagtacctgg cctcactett 840
tectgogtge actgtggtga aggecttcaa cgtcatcetct gcatgggecc tacaggctgg 900
cccaagggat gggaacaggc aggtgctcat ctgcagtgat cagccagaag ccaagcegcac 960
catctcagag atggcacgceg ccatgggttt cacaccectyg gacatgggat ccectggecte 1020
agcgagggag gtagaagcca taccectgeg cctecttoca tectggaagg tgcccacect 1080
cctggcactyg gggctetttyg tgtgetteta cacctacaac ttcatcecgag acgttctaca 1140
gccatacatt cggaaagatg agaacaagtt ctacaagatyg cccttgtcetg tggtcaacac 1200
cacactacce tgtgtggett atgtgctgcet gtecctagtg tacctgecceg gtgtgetgge 1260
agctgcgett cagctgcegga gggggaccaa gtaccagcoge tteccagact ggetggacca 1320
ctggctgecag catcgcaage agatcgggcet getcagette ttettegega tgctgcacge 1380
tctctacage ttetgectge cgetgegecg ctceccaccge tacgacctgg tcaatctgge 1440
tgtgaagcag gtcectggcca acaagagccg cctcectgggcet gaggaagaag tctggaggat 1500
ggagatatac ctgtccectgg gtgtgctgge cctgggcatg ttgtegetge tggetgtcac 1560
ctcgeteceg tccattgcta attccctcaa ctggaaggag ttcagettceg tgcagteccac 1620
actgggcttc gtggccctga tactcagcac aatgcacaca ctcacctacg gctggacccg 1680
tgcctttgag gaaaaccact acaagttcta cctgccgcce acattcacac tcacgctget 1740
cctgeccctgt gtgatcatec tggccaaggg cctcettecte ctgcectgece tcaaccgcag 1800
actcaccaag atacgcaggg gctgggagaa agatggggct gtcaagttca tgctgcccgg 1860
cgaccacaca cagggggaga aaacaagcca cgtgtgagge cctggaagtyg gagatggett 1920
gtgggggccce tgagctgggt tegggtctet tttcectggatg ctgcacageg aggtgatgat 1980
atatgcgtgg gtggctgaga tcctaattce tgggatgcag gtgtaaactg acatactcag 2040
aatgacaccc catacatgtg atatgtactt acatatattt cacatataat aagatttgct 2100
attattctta cttagctaaa azaaaaaagt gggtccctat atttcagcgt aagcatttca 2160
aagcaaatgc cacacattga acagcagatc ccacccttgt ggtatctaca gaggcagaca 2220
gacactctgyg tataggagaa actgtcecttte gttggattcet ctectttaat ctcetatgete 2280
cttattagct gaatcctaaa gttggtgcaa agctggggca agaaatgcct ctggtgecgce 2340
ctacccccat cccagggeta agaaagaagc ctcgagtgaa cagggaacca ggtctggact 2400
ctgetgette cetgggegty cgtggggagyg cteageaaga ccecctggga tetatgeagy 2460
agctttttca ggtcegtcet ttcttcaggg aagggtctga agctgcccca tctgatecta 2520
gctgagctga gaagattctt ccccacccee tgaaagtcca gagtcaccac cggagectge 2580

aaattgatcc ttctgcgaag gtgtgaagtc accgecctcte cagagccatt aatgaacctg 2640



US 2019/0204298 A1 Jul. 4,2019
17
-continued
gtcttecggga ggaggataat tgtttectet ccattaagtt gctggtgacc ccccctttaa 2700
atcactgtge cttctecgect tttecatcat taatttggac atctecgtygg agtggacact 2760
tgtctgggca gtcecggggty ggggggagca ttagagattyg cagagaataa ccatcgaatc 2820
ctcttettgg ggcaacccte ceccttggatyg tgccccagge ctgccttcat taaattggte 2880
cctgaggaga ataataggga cccttttcat ttaccctgte gectgtaggce agaaaaccta 2940
ccttetgage acccagaaaa cacagtggcece ccatgcetctt cttcaggggyg ttecacagec 3000
cecectteoeccyg tgtttttgec teccteecte cttectecce teecteecte cctecactgtt 3060
acgttcaacc acaaaagtct tcaaatattg tttttttgaa ttcttaaaga gacctcattt 3120
tattacaaaa aaaaaaaaaa aa 3142

1. A method for determining red blood cell (RBC) storage
quality of an RBC sample, the method comprising:
obtaining an RBC sample comprising Steap3 protein;
contacting the RBC sample with a reagent;
generating a complex between the reagent and the Steap3
protein;
detecting the complex to obtain data associated with the
RBC sample, wherein the data comprises a level of
Steap3 protein or activity; and
storing the data in a storage memory,
wherein the data is positively correlated with RBC storage
quality of the RBC sample when the level of Steap3 protein
or activity is lower relative to the corresponding level in a
control RBC sample suitable for transfusion
or
wherein the data is negatively correlated with RBC storage
quality of the RBC sample when the level of Steap3 protein
or activity is higher relative to the corresponding level in a
control RBC sample suitable for transfusion.
2. The method of claim 1, wherein the data is obtained at
the time of collection of the RBC sample.
3. The method of claim 1, wherein the data is obtained
during the time of storage of the RBC sample.
4. The method of claim 1, wherein the data is obtained by
determining Steap3 ferric reductase activity.

5. The method of claim 1, further comprising administer-
ing the RBC sample to a subject if the data is positively
correlated with RBC storage quality of the RBC sample.

6. The method of claim 1, further comprising not admin-
istering the RBC sample to a subject if the data is negatively
correlated with RBC storage quality of the RBC sample.

7. The method of claim 1, wherein the reagent is ferrozine
and the detecting the complex comprises monitoring
increase in absorbance of ferrous iron-ferrozine complex at
A=562 nm.

8. The method of claim 7, wherein the ferrozine is at 200
uM.

9. The method of claim 1, wherein the data for the Steap3
marker comprises Steap3 protein activity level in the RBC
sample, and the method further comprises determining post-
transfusion survival of RBCs by
generating data on a level of at least one additional bio-
marker or indicator of blood storage; and
generating a score by mathematically combining the Steap3
protein activity level in the RBC sample and the level of the
at least one additional biomarker or indicator of blood
storage, wherein the score is indicative of post-transfusion
survival of RBCs in the RBC sample.

10. The method of claim 9, wherein the score is used to
determine whether the RBC sample will be administered to
a subject.
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