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Therapeutic Methods Using Erythrocytes 

Technical Field 

The present disclosure relates generally to the field of haematology. More 

5 specifically, the present disclosure relates to modified red blood cells 

(RBCs)/erythrocytes and cell therapies that utilise them.  

Cross Reference 

10 This application claims priority to and is related to Australian Application No.  

2015905309 entitled "Therapeutic Methods Using Erythrocytes" filed on 22 December 

2015. This application is incorporated herein by reference in its entirety. In addition, the 

other references or publications referred to in the present disclosure are also hereby 

incorporated by reference in their entirety.  

15 

Background 

Cell therapies have emerged as a promising form of treatment for numerous 

diseases and conditions including cancer, infectious diseases, transplantation, 

autoimmune disorders, infectious disease, inflammation, and immune deficiency. Such 

20 therapies are also used as an adjunct to standard treatments.  

In many cases, cell therapies seek to modulate elements of the patient's own 

immune system to alleviate the disease or condition in question. The immune system 

consists of a network of tissues, organs, and cells such as T-lymphocytes, B-lymphocytes, 

NK cells, monocytes/macrophages, cytokines and the like. Cell therapies may alter the 

25 activity of signaling molecules known as cytokines that mediate/regulate numerous 

processes including immunity, inflammation and haematopoiesis.  

RBCs are an abundant cellular component of blood accounting for 40%-50% of its 

volume. Despite this, they are given scant consideration in the design of therapeutic 

approaches with the exception of those intended to treat diseases and conditions directly 

30 involving RBCs. RBCs are traditionally thought to have little if any involvement in the 

generation of immune responses, or in cell development, growth, and repair. They have 

thus been overlooked as a potential means of manipulating these processes. For example, 

the use of RBCs to regulate the cytokine milieu has not been considered or demonstrated.



Although there have been some encouraging outcomes arising from some cell therapies 

to date, improvements are needed to increase the effectiveness of existing and future 

treatments. These improved treatments may rely, at least in part, on utilising RBCs given that 

they are an abundant cell type in the blood.  

Summary 

The present inventors have surprisingly identified that RBCs play a significant role in 

regulating the cytokine milieu by secretion and/or sequestration of various proteins such as 

cytokines, chemokines, and growth factors.  

Without being bound to theory, it is postulated that RBCs may act as a reservoir for 

various proteins that may be released under various conditions. As demonstrated herein, RBCs 

may be induced to sequester or release these proteins, thus providing a means of regulating 

other cell types and biological processes. This in turn facilitates the design of improved 

therapeutic approaches.  

Non-limiting embodiments of the present disclosure are listed below.  

In a first aspect, the present invention provides a method of modulating the activity of 

target cells comprising: 

a) producing primed red blood cells by contacting red blood cells with at least one 

agent that modulates the level of one or more proteins associated with the red blood cells, 

wherein the at least one agent is a cell, and wherein the one or more proteins associated with 

the red blood cells is selected from the group consisting of basic FGF, Eotaxin, G-CSF, GM

CSF, IFN-y, IL-1j , ILIra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, 

IL-15, IL-17, IP-10, MCP-1, MIP-la, MIP-1, PDGF-BB, RANTES, TNF-a, VEGF, IL-la, 

IL-2Ra, IL-3, IL-12, IL-16, IL-18, CTACK, GRO-a, HGF, IFN-a2, LIF, MCP-3, M-CSF, MIF, 

MIG, p-NGF, SCF, SCGF-, SDF-la, TNF-, and TRAIL; 

b) separating the primed red blood cells from the at least one agent; and 

c) mixing the target cells with one or more primed red blood cell components 

selected from the group consisting of: 

(i) the separated primed red blood cells; 

(ii) supernatant obtained from incubating or culturing the separated primed red 

blood cells; 

(iii) lysate obtained from the separated primed red blood cells; 

(iv) membranes obtained from the separated primed red blood cells; and 

(v) red blood cell ghosts produced from the separated primed red blood cells; 

2



wherein mixing the target cells with the one or more separated primed red blood cell 

components modulates the activity of the target cells.  

Certain embodiments are to methods for modulating the levels of at least one protein in 

a subject comprising producing primed red blood cells by contacting red blood cells with at 

least one agent or at least one condition that modulates the level of one or more red blood cell 

proteins and administering to the subject one or more primed red blood cell components 

selected from the group consisting of the primed red blood cells, supernatant obtained from 

incubation or culture of the primed red blood cells, lysate obtained from the primed red blood 

cells, membranes obtained from the primed red blood cells, and red blood cell ghosts or 

membranes produced from the primed red blood cells, wherein administering the one or more 

primed red blood cell components to the subject modulates the levels of at least one protein in 

the subject. In some embodiments, the one or more primed red blood cell components are 

obtained during priming of the red blood cells and/or after priming of the red blood cells. In 

other embodiments, the red blood cells are obtained from the subject. In yet other 

embodiments, the red blood cells are not obtained from the subject. In other embodiments, the 

one or more primed red blood cell components administered is the supernatant obtained from 

incubation or culture of the primed red blood cells.  

In some other embodiments, the at least one agent is one or more agents selected from 

the group consisting of proteins, enzymes, nucleic acids, protease inhibitors, protein 

denaturation agents, RNA stabilisers, anti-coagulants, and cells. In other embodiments, 

2a
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the at least one agent is selected from the group consisting of protease inhibitors, anti

coagulants, cancer cells, stem cells, and immune cells. In yet other embodiments, the at 

least one condition is shear stress, hypoxia, or hyperoxia. In other embodiments, the red 

blood cells are obtained from one or more sources selected from the group consisting of at 

5 least one subject, at least one cell bank, and at least one cell line. In still other 

embodiments, the subject is a human or a non-human mammal. In certain embodiments, 

the one or more primed red blood cell components are administered to the subject through 

one or more methods selected from the group consisting of systemically, locally, 

intravenously, subcutaneously, intra-articularly, intramuscularly, intrathecally, and 

10 intraperitoneally.  

In still other embodiments, the one or more red blood cell proteins are selected from 

the group consisting of chenokines, cytokines, growth factors, receptors, intracellular 

signal transmitters, hormones, nuclear transcription factors, neurotransmitters, 

extracellular matrix components, and enzymes. In some embodiments, the one or more 

is red blood cell proteins are cytokines, chemokines, or growth factors.  

Certain embodiments are to methods of modulating the activity of target cells 

comprising producing primed red blood cells by contacting red blood cells with at least 

one agent or at least one condition that modulates the level of one or more red blood cell 

proteins and mixing the target cells with one or more primed red blood cell components 

20 selected from the group consisting of the primed red blood cells, supernatant obtained 

from incubating or culturing the primed red blood cells, lysate obtained from the primed 

red blood cells, membranes obtained from the primed red blood cells, and red blood cell 

ghosts or membranes produced from the primed red blood cells, wherein mixing the 

target cells with the one or more primed red blood cell components modulates the activity 

25 of the target cells. In some embodiments, the primed red blood cells modulate one or 

more activities of the target cells selected from the group consisting of cell signaling, 

immune response, cell development, cell growth, inhibition of cell growth, cell death, and 

cell repair. In other embodiments, the target cells are one or more selected from the 

group consisting of immune cells, immortalized cells, cancer cells, stem cells, endothelial 

30 cells, fibroblasts, and synovial cells. In still other embodiments, the immune cells are one 

or more selected from the group consisting of T-lymphocytes, B-lymphocytes, 

monocytes, macrophages, dendritic cells, natural killer cells, neutrophils, eosinophils, and 

basophils. In still other embodiments, the cancer cells are one or more selected from the 

group consisting of tumor cells, solid tumor cells, disseminated tumor cells, and/or
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cancerous blood cells. In yet other embodiments, the stem cells are one or more selected 

from the group consisting of totipotent stem cells, pluripotent stem cells, multipotent 

stem cells, tissue stem cells, embryonic stem cells, human embryonic stem cells (HeSC), 

somatic stem cells, hematopoietic stem cells (e.g. from umbilical cord blood, bone 

5 marrow), bone marrow stromal stem cells (skeletal stem cells), induced pluripotent stem 

cells (IPSO), epidermal stem cells, epithelial stem cells, mesenchymal stem cells, neural 

stem cells, and mesenchymal stem cells.  

In certain embodiments, the mixing comprises a process selected from the group 

consisting of incubating, culturing, co-culturing, and combining the target cells with the 

10 primed red blood cells. In other embodiments, the target cells are from a subject. In still 

other embodiments, the target cells are within a subject.  

In yet other embodiments, the target cells are administered to a subject. In still 

other embodiments, one or more target cell components selected from the group 

consisting of target cells, target cell ghosts, target cell membranes, target cell lysates, 

15 target cell fractions, and supernatant produced by incubating or culturing target cells are 

administered to a subject. In some embodiments, one or more of the primed red blood 

cells, primed red blood cell components, target cells, and target cell components are 

administered to the subject by one or more routes selected from the group consisting of 

systemically, locally, intravenously, subcutaneously, intra-articularly, intramuscularly, 

20 intrathecally, and intraperitoneally.  

In certain other embodiments, the subject has a disease or disorder.  

Certain embodiments are to methods of preventing, treating, or ameliorating a 

disease or disorder comprising administering to a subject in need thereof red blood cells 

and/or target cells produced according to one or more of the methods provided herein. In 

25 some embodiments, the red blood cells and/or target cells are administered to the subject 

by one or more routes selected from the group consisting of systemically, locally, 

intravenously, subcutaneously, intra-articularly, intramuscularly, intrathecally, and 

intraperitoneally. In other embodiments, the subject is a human or non-human mammal.  

In yet other embodiments, the disease or disorder is selected from the group consisting of 

30 cancer, infectious disease, organ failure, autoimmune disease, autoimmune disorders, 

inflammation, and immune deficiency.  

In some embodiments, there is an increase and/or decrease in the level of one or 

more of the proteins associated with red blood cells. In other embodiments, there is an 

increase and/or decrease in the level of at least one of the one or more proteins associated
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with the red blood cells. In certain other embodiments, there is an increase in the level of 

at least one of the one or more proteins associated with the red blood cells. In still other 

embodiments, there is a decrease in the level of at least one of the one or more proteins 

associated with the red blood cells.  
5 In yet other embodiments, the level of the one or more proteins associated with red 

blood cells is measured using one or more antibodies. In some other embodiments, the 

one or more proteins are selected from the group consisting of chemokines, cytokines, 

growth factors, receptors, intracellular signal transmitters, hormones, nuclear transcription 

factors, neurotransmitters, and extracellular matrix components, and enzymes. In still 

10 other embodiments, the one or more proteins are selected from the group consisting of 

chemokines, cytokines, and growth factors.  

In other embodiments, the at least one agent is one or more agents selected from the 

group consisting of proteins, enzymes, nucleic acids, protease inhibitors, protein 

denaturation agents, RNA stabilizers, anticoagulants, and cells. In some embodiments, 

is the at least one condition is shear stress, hypoxia, or hyperoxia. In still other 

embodiments, the primed red blood cells modulate the activity of one or more target cells.  

In yet other embodiments, the primed red blood cells are administered to a subject.  

Certain embodiments are to methods of priming red blood cells, the method 

comprising measuring the level of one of more proteins associated with the red blood 

20 cells, contacting the red blood cells with at least one agent or at least one condition, 

measuring the level of the one or more proteins associated with the red blood cells, and 

comparing the level of the one or more proteins associated with the red blood cells before 

being contacted with the at least one agent or at least one condition with the level of the 

one or more proteins associated with the red blood cells after being contacted with the at 

25 least one agent or at least one condition, wherein a difference in the level of at least one of 

the one or more proteins associated with red blood cells indicates that the red blood cell 

has been primed. In some embodiments, the level of one or more proteins, two or more 

proteins, three of more proteins, four or more proteins, five or more proteins, six or more 

proteins, seven or more proteins, eight or more proteins, nine or more proteins, ten or 

30 more proteins, eleven or more proteins, twelve or more proteins, thirteen or more 

proteins, fourteen or more proteins, or fifteen or more proteins associated with red blood 

cells is measured. In other embodiments, the level of three of more proteins associated 

with red blood cells is measured. In still other embodiments, wherein there is a difference 

in the level of at least one, at least two, at least three, at least four, at least five, at least
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six, at least seven, at least eight, at least nine, at least ten, at least eleven, at least twelve, 

at least thirteen, at least fourteen, or at least fifteen of the one or more proteins associated 

with the red blood cells. In still other embodiments, there is a difference in the level of at 

least three proteins associated with the red blood cells. In certain other embodiments, the 

5 difference in the level of the one or more proteins associated with red blood cells before 

being contacted with at least one agent or at least one condition compared to the level of 

the one or more proteins associated with red blood cells after being contacted with at least 

one agent or at least one conditions is determined by a statistical analysis selected from 

the group consisting of a Student's T test, an ANOVA test, a mixed-effects model, a 

10 Mann-Whitney test, a Wilcoxon rank sum, and a Speannans rank correlation.  

Certain embodiments are to methods for increasing or decreasing levels of a 

target protein on or within cells of a subject, the method comprising treating red blood 

cells (RBCs) to increase or decrease levels of a target protein present within the RBCs 

and/or associated with a surface of the RBCs, and administering to the subject one or 

is more of (i) the RBCs after said treating, (ii) RBC lysate, RBC membranes, and/or RBC 

ghosts obtained from lysing the RBCs during and/or after said treating, (iii) cell wash 

obtained from washing the RBCs during and/or after said treating, (iv) culture supernatant 

obtained from a culture of the RBCs generated during and/or after said treating, (v) 

combinations of (i) - (iv) to thereby increase or decrease the levels of the target protein on 

20 or within the cells. In some embodiments, the RBCs subjected to the treating are obtained 

from the subject. In another embodiment, the RBCs subjected to said treating are not 

obtained from the subject.  

In certain embodiments, the RBCs administered to the subject are RBCs ghosts. In 

certain other embodiments, increasing or decreasing levels of a target protein induces or 

25 modulates cell signaling, an immune response, cell development, cell growth, inhibition 

of cell growth, cell death, and/or cell repair. In other embodiments, the increasing or 

decreasing levels of a target protein induces or modulates an immune response in the 

subject. In certain other embodiments, (i) the RBCs, (ii) the RBC lysate, RBC 

membranes, and/or RBC ghosts, (iii) the cell wash, (iv) the culture supernatant, or (v) 

30 combinations of (i) - (iv) are administered to the subject systemically, locally, 

intravenously, subcutaneously, intra-articularly, intramuscularly, intrathecally, and/or 

intraperitoneally. In some other embodiments, the subject is a mammalian subject, a 

human subject, or both.
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Certain embodiments are to methods for inducing or modulating the function of 

target cells, the method comprising treating RBCs to increase or decrease levels of a 

target protein present within or associated with a surface of the RBCs, and mixing the 

target cells with one or more of (i) the RBCs after said treating, (ii) RBC lysate, RBC 

5 membranes, and/or RBC ghosts obtained from lysing the RBCs during and/or after said 

treating, (iii) cell wash obtained from washing the RBCs during and/or after said treating, 

(iv) culture supernatant obtained from a culture of the RBCs generated during and/or after 

said treating, (v) combinations of (i) - (iv) to thereby induce or modulate the function of 

the target cells. In some embodiments, the target cells are one or more of immune cells, 

10 cancer cells, stem cells, endothelial cells, fibroblasts, synovial cells, and/or myeloid cells.  

In yet other embodiments, the immune cells are one or more of T-lymphocytes, B

lymphocytes, monocytes, macrophages, dendritic cells, natural killer cells, neutrophils, 

eosinophils, and/or basophils. In some other embodiments, the cancer cells are one or 

more of tumour cells, solid tumour cells, disseminated tumour cells, and/or cancerous 

is blood cells. In still other embodiments, the stem cells are one or more of: totipotent stem 

cells, pluripotent stem cells, multipotent stem cells, tissue stem cells, embryonic stem 

cells, human embryonic stem cells (HeSC), somatic stem cells, hematopoietic stem cells 

(e.g. from umbilical cord blood, bone marrow), bone marrow stromal stem cells (skeletal 

stem cells), induced pluripotent stem cells (IPSO), epidermal stem cells, epithelial stem 

20 cells, mesenchymal stem cells, neural stem cells, mesenchymal stem cells, or combination 

thereof.  

In certain embodiments, the target cells are stem cells and the mixing primes the 

stem cells towards a specific cell lineage. In certain other embodiments, the methods 

further comprise administering to a subject suffering from or susceptible to developing a 

25 given disease or disorder (i) the target cells after said mixing, (ii) target cell lysate, target 

cell membranes, and/or target cell ghosts obtained from lysing the target cells during 

and/or after said treating, (iii) cell wash obtained from washing the target cells during 

and/or after said treating, (iv) culture supernatant obtained from a culture of the target 

cells generated during and/or after said treating, (v) or combinations of (i) - (iv). In other 

30 embodiments, (i) the target cells, (ii) the target cell lysate, target cell membranes, and/or 

target cell ghosts, (iii) the target cell wash, (iv) the target cell culture supernatant, or (v) 

combinations of (i) - (iv) are administered to the subject systemically, locally, 

intravenously, subcutaneously, intra-articularly, intramuscularly, intrathecally, and/or 

intraperitoneally.
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In certain embodiments, the method further comprises administering to the subject: 

(i) the RBCs, (ii) the RBC lysate, RBC membranes, and/or RBC ghosts, (iii) the cell wash, 

(iv) the culture supernatant, or (v) combinations of (i) - (iv). In some embodiments, (i) 

the RBCs, (ii) the RBC lysate, RBC membranes, and/or RBC ghosts, (iii) the cell wash, 

5 (iv) the culture supernatant, or (v) combinations of (i) - (iv) are administered to the 

subject systemically, locally, intravenously, subcutaneously, intra-articularly, 

intramuscularly, intrathecally, and/or intraperitoneally. In certain other aspects, (i) the 

target cells, (ii) the target cell lysate, target cell membranes, and/or target cell ghosts, (iii) 

the target cell wash, (iv) the target cell culture supernatant, or (v) combinations of (i) 

10 (iv) are administered to the subject locally, and (i) the RBCs, (ii) the RBC lysate, RBC 

membranes, and/or RBC ghosts, (iii) the cell wash, (iv) the culture supernatant, or (v) 

combinations of (i) - (iv) are administered to the subject systemically or locally.  

In certain embodiments, the subject is a mammalian subject, a human subject, or 

both. In certain other embodiments, the subject is suffering from a tissue injury, cancer, 

is an inflammatory disease or condition, or an immune disorder. In some other 

embodiments, the RBCs and/or the target cells are obtained from the subject. In still 

other embodiments, the RBCs and/or the target cells are not obtained from the subject.  

In certain other embodiments, the treating comprises one or more of: contacting the 

red blood cells with a protease inhibitor, contacting the red blood cells with an 

20 anticoagulant, lysing the red blood cells, subjecting the red blood cells to shear stress, 

treating the red blood cells with oxygen, and/or depriving the red blood cells of oxygen.  

In other embodiments, the protease inhibitor is selected from the group consisting of: 

aprotinin, leupeptin, x2-macroglobulin, antipain dihydrochloride, calpain inhibitor I, 

calpain inhibitor II, chymostatin, TLCK (CAS 131918-97-3), trypsin-inhibitor, Pefabloc 

25 SC (Roche), PMSF (C6H5CH2SO2F- Thermo Fisher Scientific), cOmplete protease 

inhibitor cocktail (Roche), or combinations thereof. In some embodiments, the 

anticoagulant is selected from the group.  

In certain other embodiments, the target protein is one or more of a cytokine, a 

chemokine, or a growth factor. In still other embodiments, the target protein is an 

30 inflammatory cytokine or an inflammatory chemokine. In certain embodiments, the 

levels of the target protein are increased. In other embodiments, the target protein is 

selected from the group consisting of: CTACK, GRO-a., PFGF, G-CSF, CM-CSF, HGF, 

IFN-ax2, IFN-y, IL-la, IL-1 , IL-2, IL-2ra, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, 

IL-12-40, IL-12p70, IL-13, IL-15, IL-16, IL-17, IL-18, IP-10, LIF, MCP-1, M-CSF, MIF,
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MIG, MIP-la, MIP-1 , P-NGF, PDGF-bb, RANTES, SDF-la, TNF-a, TNF-P, TRAIL, 

VEGF, or combinations thereof. In certain other embodiments, the levels of the target 

protein are decreased. In some embodiments, the target protein is selected from the group 

consisting of: IFN-a2, IFN-y, IL-1p, IL-8, IL-9, IL-12p70, IL-16, IL-17, IL-18, MIF, 

5 TNF-a, IL-2ra, IL-4, CTACK, GRO-a, IL-18, MCP-1, MIP-1 GRO-a, MIP-1p, 

RANTES, SDF-la, pFGF, G-CSF, GM-CSF, HGF, IL-3, IP-10, M-CSF, PDFG-bb, 

VEGF, IL-2, IL-6, IL-12p40, and combinations thereof.  

In certain embodiments, the method is used as an adjunct therapy. In other 

embodiments, the method is used as an adjunct therapy for treatment of tissue injury, 

10 cancer, an inflammatory disease or condition, and/or an immune disorder.  

Brief Description of the Figures 

Exemplary embodiments of the present disclosure will now be described, by way of 

example only, with reference to the accompanying figures.  

Is FIG. 1 Macrophage migration inhibitory factor (MIF) concentration in the plasma 

containing RBCs or ghosts incubated or cultured with varying concentrations of heparin 

and EDTA (n = 1).  

FIG. 2 MIF concentration of RBC lysate and ghost 'lysate' after being incubated or 

cultured in plasma with varying concentrations of heparin and EDTA (n = 1).  

20 FIG. 3 RBCs collected in heparin, EDTA, citrate, or no anticoagulant and cultured 

in PBS for 24 hours with or without rMIF (n = 1).  

FIG. 4A-FIG. 40 Summary of pro-inflammatory proteins released or secreted from 

RBCs into PBS with and without protease inhibitors and BioPlex standards over 24 hours 

at 37 °C as measured by BioPlex and reported as pg/mL (20 million RBCs in 0OuL 

25 PBS). Data presented as mean SD, * indicates a significant difference of p < 0.05 (n = 3 

for 27-plex, n = 5 for 21-plex).  

FIG. 5A-FIG. 5E is a series of graphs showing the concentration of anti

inflammatory proteins released or secreted from RBCs into PBS with and without 

protease inhibitors and BioPlex standards over 24 hours at 37 °C as measured by BioPlex 

30 and reported as pg/mL (20 million RBCs in I0OuL PBS). Data presented as mean SD,* 

indicates a significant difference of p < 0.05 (11 = 3 for 27-plex, n = 5 for 21-plex).  

FIG. 6A-FIG. 6K is a series of graphs showing the concentration of chemokines 

released or secreted from RBCs into PBS with and without protease inhibitors and 

BioPlex standards over 24 hours at 37 °C as measured by BioPlex and reported as pg/mL
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(20 million RBCs in IOOuL PBS). Data presented as mean SD,* indicates significant 

difference of p < 0.05 (n = 3 for 27-plex, n = 5 for 21-plex).  

FIG. 7A-FIG. 7M is a series of graphs showing the concentration of growth factors 

released or secreted from RBCs into PBS with and without protease inhibitors and 

5 BioPlex standards over 24 hours at 37 °C as measured by BioPlex and reported as pg/mL 

(20 million RBCs in IOOuL PBS). Data presented as mean SD, * indicates a significant 

difference of p < 0.05 (n = 3 for 27-plex, n = 5 for 21-plex).  

FIG. 8A-FIG. 8D is a series of graphs showing the concentration of proteins with 

multiple functions released or secreted from RBCs into PBS with and without protease 

10 inhibitors and BioPlex standards over 24 hours at 37 °C as measured by BioPlex and 

reported as pg/mL (20 million RBCs in 100uL PBS). Data presented as mean-. SD,* 

indicates a significant difference of p < 0.05 (n = 3 for 27-plex, n = 5 for 21-plex).  

FIG. 9A-FIG. 90 is a series of graphs showing the concentration of pro

inflammatory cytokines in the lysate of RBCs after incubation in PBS with and without 

15 protease inhibitors and BioPlex standards over 24 hours at 37 °C as measured by BioPlex 

and reported as pg/mL (20 million RBCs in 100uL PBS). Data presented as mean SD,* 

indicates a significant difference of p < 0.05 (n = 3 for 27-plex, n = 5 for 21-plex).  

FIG. 10A-FIG. 10E is a series of graphs showing the concentration of anti

inflammatory cytokines in the lysate of RBCs after incubation in PBS with and without 

20 protease inhibitors and BioPlex standards over 24 hours at 37 °C as measured by BioPlex 

and reported as pg/mL (20 million RBCs in 100uL PBS). Data presented as mean - SD,* 

indicates a significant difference of p < 0.05 (n = 3 for 27-plex, n = 5 for 21-plex).  

FIG. 11A-FIG. 11K is a series of graphs showing the concentration of chemokines 

in the lysate of RBCs after incubation in PBS with and without protease inhibitors and 

25 BioPlex standards over 24 hours at 37 °C as measured by BioPlex and reported as pg/mL 

(20 million RBCs in IOOuL PBS). Data presented as mean SD, * indicates a significant 

difference of p < 0.05 (n = 3 for 27-plex, n = 5 for 21-plex).  

FIG. 12A-FIG. 12M is a series of graphs showing the concentration of growth 

factors in the lysate of RBCs after incubation in PBS with and without protease inhibitors 

30 and BioPlex standards over 24 hours at 37 °C as measured by BioPlex and reported as 

pg/mL (20 million RBCs in 1OOuL PBS). Data presented as mean SD, * indicates a 

significant difference of p < 0.05 (n = 3 for 27-plex, n = 5 for 21-plex).  

FIG. 13A-FIG. 13D is a series of graphs showing the concentration of cytokines 

with multiple factors in the lysate of RBCs after incubation in PBS with and without



WO 2017/106899 PCT/AU2016/000404 

11 

protease inhibitors and BioPlex standards over 24 hours at 37 °C as measured by BioPlex 

and reported as pg/mL (20 million RBCs in 1OOuL PBS). Data presented as mean ±SD,* 

indicates a significant difference of p <0.05 (n = 3 for 27-plex, n = 5 for 21-plex).  

FIG. 14A-FIG. 140 is a series of graphs showing the concentration of pro

5 inflammatory cytokines in the secretion, lysate, and recombinant protein spike of RBCs 

after incubation in PBS with and without protease inhibitors and BioPlex standards over 

24 hours at 37 °C as measured by BioPlex and reported as pg/mL (20 million RBCs in 

10OuL PBS). Data presented as mean ± SD, * indicates a significant difference of p < 

0.05 (n = 3 for 27-plex, n = 5 for 21-plex).  

10 FIG. 15A-FIG. 15E is a series of graphs showing the concentration of anti

inflammatory cytokines in the secretion, lysate, and recombinant protein spike of RBCs 

after incubation in PBS with and without protease inhibitors and BioPlex standards over 

24 hours at 37 °C as measured by BioPlex and reported as pg/mL (20 million RBCs in 

1OOuL PBS). Data presented as mean i SD, * indicates a significant difference of p < 

is 0.05 (n = 3 for 27-plex, n = 5 for 21-plex).  

FIG. 16A-FIG. 16K is a series of graphs showing the concentration of chemokines 

in the secretion, lysate, and recombinant protein spike of RBCs after incubation in PBS 

with and without protease inhibitors and BioPlex standards over 24 hours at 37 °C as 

measured by BioPlex and reported as pg/mL (20 million RBCs in 100uL PBS). Data 

20 presented as mean SD, * indicates a significant difference of p < 0.05 (n = 3 for 27

plex, n = 5 for 21-plex).  

FIG. 17A-FIG. 17M is a series of graphs showing the concentration of growth 

factors in the secretion, lysate, and recombinant protein spike of RBCs after incubation in 

PBS with and without protease inhibitors and BioPlex standards over 24 hours at 37 °C as 

25 measured by BioPlex and reported as pg/mL (20 million RBCs in OOuL PBS). Data 

presented as mean SD, * indicates a significant difference of p < 0.05 (n = 3 for 27

plex, n = 5 for 21-plex).  

FIG. 18A-FIG. 18D is a series of graphs showing the concentration of cytokines 

with multiple functions in the secretion, lysate, and recombinant protein spike of RBCs 

30 after incubation in PBS with and without protease inhibitors and BioPlex standards over 

24 hours at 37 °C as measured by BioPlex and reported as pg/mL (20 million RBCs in 

100uL PBS). Data presented as mean ± SD, * indicates a significant difference of p < 

0.05 (n = 3 for 27-plex, n = 5 for 21-plex).
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FIG. 19A-FIG. 190 is a series of graphs showing the concentration of pro

inflammatory cytokines in the lysate of RBCs before and after incubation with MSCs and 

the secretion of MSCs and/or RBCs after 72 hours at 37 °C as measured by BioPlex and 

reported as pg/mL (20 million RBCs in 1O0uL PBS). Data presented as mean i SD (n= 

5 1).  

FIG. 20A-FIG. 20E is a series of graphs showing the concentration of anti

inflammatory cytokines in the lysate of RBCs before and after incubation with MSCs and 

the secretion of MSCs and/or RBCs after 72 hours at 37 °C as measured by BioPlex and 

reported as pg/mL (20 million RBCs in 1O0uL PBS). Data presented as mean i SD (n= 

10 1).  

FIG. 21A-FIG. 21K is a series of graphs showing the concentration of chemokines 

in the lysate of RBCs before and after incubation with MSCs and the secretion of MSCs 

and/or RBCs after 72 hours at 37 °C as measured by BioPlex and reported as pg/mL (20 

million RBCs in I0uL PBS). Data presented as mean ±SD (n = 1).  

is FIG. 22A-FIG. 22M is a series of graphs showing the concentration of growth 

factors in the lysate of RBCs before and after incubation with MSCs and the secretion of 

MSCs and/or RBCs after 72 hours at 37 °C as measured by BioPlex and reported as 

pg/mL (20 million RBCs in 10OuL PBS). Data presented as mean ±SD (n = 1).  

FIG. 23A-FIG. 23D is a series of graphs showing the concentration of proteins 

20 with multiple functions in the lysate of RBCs before and after incubation with MSCs and 

the secretion of MSCs and/or RBCs after 72 hours at 37 °C as measured by BioPlex and 

reported as pg/mL (20 million RBCs in I00uL PBS). Data presented as mean SD (n = 

1).  

FIG. 24 is a series of graphs showing the concentration of proteins released or 

25 secreted from RBCs into PBS over 24 hours at 37 °C as measured by BioPlex and 

reported as pg/mL (20 million RBCs in I00uL PBS). Data presented as mean SD (n= 

3).  

FIG. 25 is a series of graphs showing the concentration of proteins released or 

secreted from RBCs into PBS over 24 hours at 37 °C as measured by BioPlex and 

30 reported as pg/mL (20 million RBCs in 1O0uL PBS). Data presented as mean SD (n= 

3).  

FIG. 26 is a series of graphs showing the concentration of proteins released or 

secreted from RBCs into PBS over 24 hours at 37 °C as measured by BioPlex and
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reported as pg/mL (20 million RBCs in I00uL PBS). Data presented as mean SD (n= 

3).  

FIG. 27 is a series of graphs showing the concentration of proteins released or 

secreted from RBCs into PBS over 24 hours at 37 °C as measured by BioPlex and 

5 reported as pg/mL (20 million RBCs in 1O0uL PBS). Data presented as mean SD (n= 

3).  

FIG. 28A-FIG. 280 is a series of graphs showing the concentration of pro

inflammatory cytokines released or secreted from RBCs into PBS over 24 hours and in 

the corresponding RBC lysate at 37 °C with or without protease inhibitors (PI) as 

10 measured by BioPlex and reported as pg/mL (20 million RBCs in 10OuL PBS). Data 

presented as fold change after addition of PI- 95% CI, where * represents fold change in 

secretion with addition of PI compared to the no PI, and 0 represents fold change in 

concentration in lysate with addition of PI compared to the no PI control (n = 7).  

FIG. 29A-FIG. 29E is a series of graphs showing the concentration of anti

15 inflammatory cytokines released or secreted from RBCs into PBS over 24 hours and in 

the corresponding RBC lysate at 37 °C with or without protease inhibitors (PI) as 

measured by BioPlex and reported as p,/mL (20 million RBCs in 1OOuL PBS). Data 

presented as fold change after addition of PI 95% CI, where 0 represents fold change in 

secretion with addition of PI compared to the no P1, and 0 represents fold change in 

20 concentration in lysate with addition of PI compared to the no PI control (n = 7).  

FIG. 30A-FIG. 30K is a series of graphs showing the concentration of chemokines 

released or secreted from RBCs into PBS over 24 hours and in the corresponding RBC 

lysate at 37 °C with or without protease inhibitors (PI) as measured by BioPlex and 

reported as pg/mL (20 million RBCs in 10OuL PBS). Data presented as fold change after 

25 addition of PI 95% Cl, where 0 represents fold change in secretion with addition of PI 

compared to the no P1, and 0 represents fold change in concentration in lysate with 

addition of PI compared to the no PI control (n = 7).  

FIG. 31A-FIG. 31M is a series of graphs showing the concentration of growth 

factors released or secreted from RBCs into PBS over 24 hours and in the corresponding 

30 RBC lysate at 37 °C with or without protease inhibitors (PI) as measured by BioPlex and 

reported as pg/mL (20 million RBCs in I1OuL PBS). Data presented as fold change after 

addition of PI 95% CI, where 0 represents fold change in secretion with addition of PI 

compared to the no PI, and 0 represents fold change in concentration in lysate with 

addition of PI compared to the no PI control (n = 7).
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FIG. 32A-FIG. 32D is a series of graphs showing the concentration of cytokines 

with multiple functions released or secreted from RBCs into PBS over 24 hours and in the 

corresponding RBC lysate at 37 °C with or without protease inhibitors (PI) as measured 

by BioPlex and reported as pg/inL (20 million RBCs in I00uL PBS). Data presented as 

5 fold change after addition of PI 95% CI, where * represents fold change in secretion 

with addition of PI compared to the no P, and represents fold change in concentration 

in lysate with addition of PI compared to the no PI control (n = 7).  

FIG. 33A-FIG. 330 is a series of graphs showing the concentration of pro

inflammatory cytokines released or secreted from RBCs into PBS over 48 hours and in 

10 the corresponding RBC lysate at 37 °C with or without protease inhibitors (PI) as 

measured by BioPlex and reported as pg/mL (20 million RBCs in 1OOuL PBS). Cells 

were washed in PBS at 24 hours and resuspend in PBS with or without protease 

inhibitors. Data presented as mean ±SD (n = 3).  

FIG. 34A-FIG. 34E is a series of graphs showing the concentration of anti

15 inflammatory cytokines released or secreted from RBCs into PBS over 48 hours and in 

the corresponding RBC lysate at 37 °C with or without protease inhibitors (PI) as 

measured by BioPlex and reported as pg/mL (20 million RBCs in 1OOuL PBS). Cells 

were washed in PBS at 24 hours and resuspend in PBS with or without protease 

inhibitors. Data presented as mean ±SD (n = 3).  

20 FIG. 35A-FIG. 35K is a series of graphs showing the concentration of chemokines 

released or secreted from RBCs into PBS over 48 hours and in the corresponding RBC 

lysate at 37 °C with or without protease inhibitors (PI) as measured by BioPlex and 

reported as pg/mL (20 million RBCs in 1OOuL PBS). Cells were washed in PBS at 24 

hours and resuspend in PBS with or without protease inhibitors. Data presented as mean 

25 SD (n= 3).  

FIG. 36A-FIG. 36H is a series of graphs showing the concentration of growth 

factors released or secreted from RBCs into PBS over 48 hours and in the corresponding 

RBC lysate at 37 °C with or without protease inhibitors (PI) as measured by BioPlex and 

reported as pg/mL (20 million RBCs in 1OOuL PBS). Cells were washed in PBS at 24 

30 hours and resuspend in PBS with or without protease inhibitors. Data presented as mean 

SD (n = 3).  

FIG. 37A-FIG. 37D is a series of graphs showing the concentration of cytokines 

with multiple factors released or secreted from RBCs into PBS over 48 hours and in the 

corresponding RBC lysate at 37 °C with or without protease inhibitors (PI) as measured
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by BioPlex and reported as pg/mL (20 million RBCs in 100uL PBS). Cells were washed 

in PBS at 24 hours and resuspend in PBS with or without protease inhibitors. Data 

presented as mean ±SD (n = 3).  

FIG. 38A-FIG. 380 is a series of graphs showing the total measured pro

5 inflammatory cytokines released or secreted from and in the lysate of RBCs after 48 

hours incubation at 37 °C with or without protease inhibitors (PI) as measured by BioPlex 

and reported as pg/mL (20 million RBCs in I0OuL PBS). Cells were washed in PBS at 24 

hours and resuspend in PBS with or without protease inhibitors. Data presented as mean i 

SD (n = 3). Total concentration of proteins (secretion + lysate) 

10 FIG. 39A-FIG. 39E is a series of graphs showing the total measured anti

inflammatory cytokines released or secreted from and in the lysate of RBCs after 48 

hours incubation at 37 °C with or without protease inhibitors (PI) as measured by BioPlex 

and reported as pg/mL (20 million RBCs in l00uL PBS). Cells were washed in PBS at 24 

hours and resuspend in PBS with or without protease inhibitors. Data presented as mean 

is SD (n = 3).  

FIG. 40A-FIG. 40K is a series of graphs showing the total measured chemokines 

released or secreted from and in the lysate of RBCs after 48 hours incubation at 37 °C 

with or without protease inhibitors (PI) as measured by BioPlex and reported as pg/mL 

(20 million RBCs in 100uL PBS). Cells were washed in PBS at 24 hours and resuspend in 

20 PBS with or without protease inhibitors. Data presented as mean ±SD (n = 3).  

FIG. 41A-FIG. 41H is a series of graphs showing the total measured growth 

factors released or secreted from and in the lysate of RBCs after 48 hours incubation at 37 

°C with or without protease inhibitors (PI) as measured by BioPlex and reported as pg/mL 

(20 million RBCs in 100uL PBS). Cells were washed in PBS at 24 hours and resuspend in 

25 PBS with or without protease inhibitors. Data presented as mean ±SD (n = 3).  

FIG. 42A-FIG. 42D is a series of graphs showing the total measured cytokines 

with multiple functions released or secreted from and in the lysate of RBCs after 48 hours 

incubation at 37 °C with or without protease inhibitors (PI) as measured by BioPlex and 

reported as pg/mL (20 million RBCs in 10OuL PBS). Cells were washed in PBS at 24 

30 hours and resuspend in PBS with or without protease inhibitors. Data presented as mean 

SD (n= 3).  

FIG. 43A-43VV is a series of graphs showing the concentration of proteins 

released from red blood cells following co-culture for 3 days with (primed RBCs) or 

without (unprimed RBCs) representative cell lines.
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FIG. 44A-44VV is a series of graphs showing the concentration of released or 

secreted proteins from red blood cells following co-culture for 3 days with (primed) or 

without (unprimed) cells from the T lymphocyte cell line (Jurkat).  

FIG. 45A-45VV is a series of graphs showing the concentration of proteins in red 

5 blood cell membranes following co-culture for 3 days with (primed) or without 

(unprimed) mesenchymal stem cells (MSCs). Significant differences (p<0.05) were 

determined using Student's T-tests.  

FIG. 46A-46VV is a series of graphs showing the concentration of proteins 

released by red blood cell membranes following co-culture for 3 days with (primed) or 

10 without (unprimed) mesenchymal stem cells(MSCs). Significant differences (p < 0.05) 

were determined using Student's T-tests.  

FIG. 47A-47VV is a series of graphs showing the concentration of proteins in red 

blood cells following co-culture for 3 days with (primed) or without (unprimed) 

mesenchymal stem cells (MSCs). Significant differences (p <0.05) were determined 

is using Student's T-tests.  

FIG. 48A-48VV is a series of graphs showing the concentration of proteins from 

red blood cells following co-culture for 3 days with (primed) or without (unprimed) 

mesenchymal stem cells (MSCs). Significant differences (p <0.05) were determined 

using Student's T-tests.  

20 FIG. 49A-49VV is a series of graphs showing the concentration of proteins in red 

blood cell membranes following co-culture for 3 days with (primed) or without 

(unprimed) breast cancer cell line cells (MCF-7 cells). Significant differences (p < 0.05) 

were determined using Student's T-tests.  

FIG. 50A-50VV is a series of graphs showing the concentration of proteins 

25 released by red blood cell membranes following co-culture for 3 days with or without 

(primed or unprimed) breast cancer cell line cells (MCF-7 cells). Significant differences 

(p < 0.05) were determined using Student's T-tests.  

FIG. 51A-51VV is a series of graphs showing the concentration of proteins in red 

blood cells following co-culture for 3 days with (primed) or without (unprimed) breast 

30 cancer cell line cells (MCF-7 cells). Significant differences (p <0.05) were determined 

using Student's T-tests.  

FIG. 52A-52VV is a series of graphs showing the concentration of released or 

secreted proteins from red blood cells following co-culture for 3 days with (primed) or
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without (unprimed) breast cancer cell line cells (MCF-7 cells). Significant differences 

(p < 0.05) were determined using Student's T-tests.  

FIG. 53A-53JU is a series of graphs showing the concentration of proteins in red 

blood cells following co-culture for 3 days with (primed) or without (unprimed) a lung 

5 cancer cell line (A549 cells). Significant differences (p < 0.05) were determined using 

Student's T-tests.  

Definitions 

As used in this application, the singular form "a", "an" and "the" include plural 

10 references unless the context clearly dictates otherwise. For example, the term "a cell 

lysate" includes multiple cell lysates.  

As used herein, the term "comprising" means "including." Variations of the word 

"comprising", such as "comprise" and "comprises," have correspondingly varied 

meanings. Thus, for example, a method "comprising" steps 'A' and *B' may consist 

is exclusively of steps 'A' and 'B' or may include one or more additional steps (e.g. steps 

'A', 'B', and 'C').  

As used herein the terms "red blood cells", "RBCs", and "erythrocytes" refers to a 

collection of cells that may comprise more than 99.5%, more than 99.6%, more than 

99.7%, more than 99.75%, more than 99.8%, more than 99.85%, more than 99.9%, more 

20 than 99.5%, approximately 100% red blood cells, or 100% red blood cells as achieved by 

one or more red blood cell isolation or purification techniques (e.g., leukodepletion, red 

blood cell depletion, platelet depletion, and the like). RBCs will be understood to 

encompass whole RBCs, RBC ghosts, RBC membranes, RBC lysates, RBC fractions, 

glycolipid receptors isolated from RBCs, and combinations thereof.  

25 As used herein, the tern "red blood cell components", "red blood cell products", or 

"RBC products" refer to the parts of or associated with red blood cells, including whole 

RBCs, RBC ghosts, RBC membranes, RBC lysates, RBC fractions, glycolipid receptors 

isolated from RBCs and supernatant produced by incubating or culturing red blood cells 

in, for instance, a media/medium.  

30 As used herein, the term "RBC ghosts" will be understood to refer to RBCs from 

which some (e.g. more than: 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%) of 

the cytoplasmic protein has been removed. The cytoplasmic protein may be removed, for 

example, by lysis and washing of the RBCs.
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As used herein, the term "protein" refers to a polymer made up of amino acids 

linked together by peptide bonds.  

As used herein, the term "red blood cell proteins" or "proteins associated with red 

blood cells" refers to proteins associated with or in the vicinity of red blood cells, 

5 including proteins located intracellularly (e.g., found within a red blood cell or within a 

red blood cell lysate), partially or completely at the surface of the red blood cell (e.g., in 

the red blood cell membrane), or proteins released or released or secreted from red blood 

cells into the external milieu (e.g., media or plasma/serum). Red blood cell proteins 

include proteins added externally (e.g., purified, recombinant, and/or plasmid/vector

10 expressed proteins) that are, for instance, internalized by or externalized by red blood 

cells, or specifically or non-specifically bound to the surface of red blood cells.  

As used herein, the term red blood cell protein "release or secretion" or proteins 

"released or secreted" by red blood cells refers to proteins that have moved by active or 

inactive mechanisms from (i) the intracellular region or interior of an RBC to the surface 

is and/or extracellular or exterior region of the RBC (e.g., plasma, serum, or medium) or (ii) 

moved from the extracellular or exterior region of the RBC (from, e.g., the plasma, serum 

or medium) to the surface and/or extracellular region or the exterior of the RBC. Proteins 

may be bound to the surface of the red blood cells by cell surface-protein binding 

interactions known in the art (e.g., receptors, covalent attachment, noncovalent 

20 attachment, adhesion). Surface-bound proteins may be released back into the 

extracellular or exterior region of the RBC (e.g., into the plasma, serum, or medium).  

As used herein, the term "agent" refers to one or more substances that have an 

effect (e.g., an effect on cellular activity and/or protein levels) on cells (e.g., red blood 

cells or target cells) and includes, for example, proteins (e.g., synthetic, purified,, 

25 recombinant, or vector-expressed proteins), enzymes (e.g., substances that accelerate or 

catalyse chemical reactions, e.g., protein reactions), nucleic acids (e.g., RNA, DNA, or 

synthetic nucleic acids), protease inhibitors (e.g., specific or non-specific protease 

inhibitors),protein denaturation agents (e.g., oxidizing or reducing reagents), RNA 

stabilisers (e.g., chemical (e.g., RNAse inactivation agents), small molecule, or biological 

30 (e.g., aminoglycosides) agents), anti-coagulants (e.g., coumarins, heparins, chelating 

agents (e.g., EDTA, EGTA)), chemical agents (e.g., synthesized or naturally occurring 

chemical compounds), and cells (e.g., primary cells or other healthy/normal cells from a 

subject, cancer cells, immortalized cells, or cell lines (e.g., cell lines derived from a
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subject (e.g., human)), including, e.g., immune cells, stem cells, endothelial cells, 

fibroblasts, and synovial cells).  

As used herein, the term "primed" or "treated" red blood cells or RBCs refers to an 

increase or decrease in the presence or level of red blood cell proteins after the red blood 

5 cells have been contacted with (e.g., incubated, cultured, or combined with) an agent(s) or 

exposed to a particular condition(s) (e.g., shear stress, hypoxia, hyperoxia).  

As used herein, the term "primed red blood cell components" refers to red blood 

cell components that have been derived from red blood cells that have been primed or 

treated with an agent(s) or condition(s).  

10 As used herein, the term "target cells" refers to one or more cells that are to be 

contacted with primed red blood cells or primed red blood cell components, and may 

include primary cells or other healthy/normal cells from a subject, cancer cells, 

immortalized cells, or cell lines (e.g., cell lines derived from a subject (e.g., human)). In 

some embodiments, target cells include immune cells, stem cells, endothelial cells, 

is fibroblasts, or synovial cells.  

As used herein, the term "target cell components" or "target cell products" refers to 

parts of or associated with target cells, including whole cells, target cell ghosts, target cell 

membranes, target cell lysates, target cell fractions, glycolipid receptors isolated from 

target cells and supernatant produced by incubating or culturing target cells in, for 

20 instance, a media/medium.  

As used herein, a "media" or "medium" refers to a composition having the ability to 

maintain the viability of cells or cell components. The media can stimulate cell growth 

and proliferation (e.g., cell culture media) or maintain cells at a particular and/or existing 

growth state (e.g., cell incubation media). Non-limiting examples of media include 

25 isotonic salt solution, balanced salt solution, saline, phosphate buffered saline (PBS), 

hank's balanced salt solution (HBSS), Earles' balanced salt solution (EBSS), Roswell 

Park Memorial Institute medium (RPMI), minimum essential medium (MEM), Improved 

Minimum Essential Medium (IMEM), Eagle's minimal essential medium (EMEM), 

Dubelco's modified Eagle's medium (DMEM), and Iscove's Modified Dulbecco's Media 

30 (IMDM).  

As used herein, a "cell supernatant" will be understood to mean a cell incubation or 

culture medium used to incubate or culture a population cells at a given temperature or a 

given range of temperatures for a given time period, for example, more than: 5 minutes,



WO 2017/106899 PCT/AU2016/000404 

20 

10 minutes, 20 minutes, 30 minutes, I hour, 2 hours, 3 hours, 6 hours, 12 hours, 24 hours, 

48 hours, 72 hours, 96 hours, or 120 hours.  

As used herein, a "cell wash" will be understood to mean a liquid that has been used 

to rinse a population of cells, and differs from a cell supernatant as defined above insofar 

5 as the cell wash is not also used as a medium for cell culture. Accordingly, a fluid used to 

generate a "cell wash" may be mixed with the cell population for a period of less than: 30 

minutes, 20 minutes, 15 minutes, 10 minutes, 5 minutes, 4, minutes, 3 minutes, 2 minutes, 

I minute, or 30 seconds.  

As used herein, the term "protease inhibitor" refers to a substance (e.g., protein or 

10 chemical substance) that blocks or reduces the catalytic (e.g., proteolytic) activity of a 

protease enzyme. A protease inhibitor may block the ability of a protease to cleave the 

peptide bond of a given protein, typically by blocking the active site of the protease and 

preventing its access to a substrate. By way of non-limiting example, protease inhibitors 

may include non-specific protease inhibitors (e.g., protease inhibitors not specific to a 

is particular protein or class of proteins), specific protease inhibitors (e.g., protease inhibitor 

specific to a particular protein or substrate, e.g., serine protease inhibitors, cysteine 

protease inhibitors, metalloprotease inhibitors, and aspartic protease inhibitors), or dual-, 

multi- or pan-specific protease inhibitors, e.g., protease inhibitors specific for one or more 

proteins or one or more classes of proteins, e.g., a serine and cysteine protease inhibitor).  

20 As used herein, the term "shear stress" refers to the ratio of force to area.  

As used herein, the term "subject" includes one or more animals including, for 

example, bovine, equine, ovine, primate, avian and rodent species. The subject may be an 

animal in which the blood comprises red blood cells (e.g., a mammal, bird, fish, reptile, or 

amphibian). In some embodiments, the subject may be a mammal such as, for example, a 

25 human or a non-human mammal. In another embodiment, the subject may be a mouse, 

rat, hamster, ferret, gerbil, rabbit, monkey, chimpanzee, horse, pony, donkey, sheep, pig, 

chicken, goat, cat, or dog.  

As used herein, the term "treatment" or "therapy" refers to one or more protocols, 

methods and/or agents that can be used in preventing, managing, alleviating, or 

30 ameliorating a disease, disorder, or condition, including in the prevention, alleviation, or 

amelioration of one or more symptoms of a disease, disorder, or condition and/or a 

symptom related thereto. In certain embodiments, the terms "treatment" and "treatments" 

refer to a biological therapy, supportive therapy, and/or other therapies useful in the
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prevention, management, alleviation, and/or amelioration of a disease, disorder, or 

condition known to one of skill in the art, such as medical personnel.  

As used herein, the term "adjunct therapy" will be understood to mean a therapy 

that is given in addition to a primary, main, or initial therapy to maximize the 

5 effectiveness of the primary, main, or initial therapy. An adjunct therapy may be 

administered by the same route as or by a different route than an initial therapy. Any 

adjunct therapy may also be administered at the same time as or at a different time than a 

primary therapy.  

Descriptions of prior art documents herein, or statements herein derived from or 

10 based on those documents, are not an admission that the documents or derived statements 

are part of the common general knowledge of the relevant art.  

For the purposes of description all documents referred to herein are hereby 

incorporated by reference in their entirety unless otherwise stated.  

The subject headings used in the detailed description are included for the ease of 

is reference or the reader and should not be used to limit the subject matter found 

throughout the disclosure or the claims. The subject headings should not be used in 

construing the scope of the claims or the claim limitations.  

Detailed Description 

20 The role of RBCs in modulating immune responses by influencing the availability 

of proteins such as cytokines and chemokines that regulate the activity of other cells in 

the body is largely unrecognised. The present inventors have determined that RBCs may 

sequester or release a range of proteins under various conditions, including cytokines, 

chemokines, and growth factors. Thus, although previously unrecognised, RBCs appear 

25 to play a significant role in regulating the availability of various factors that have an 

influence on cell signaling, immune response, cell development, cell growth, inhibition of 

cell growth, cell death, and cell repair.  

The following description conveys exemplary embodiments of the present 

disclosure in sufficient detail to enable those of ordinary skill in the art to practice it.  

30 Features or limitations of the various embodiments described do not necessarily limit 

other embodiments of the present disclosure or the present disclosure as a whole. Hence, 

the following detailed description does not limit the scope of the present disclosure, 

which is defined only by the claims.
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Red blood cells 

Red blood cells (RBCs) for use in the methods of the present disclosure may be 

obtained from a suitable source, including from a subject (in, e.g., a blood sample), an 

existing blood collection/reservoir (e.g., a blood bank), other commercial sources (e.g., 

5 red blood cell suppliers) and the like. In some embodiments, the red blood cells are 

obtained from the subject to which the primed red blood cell components or target cell 

components may be administered to (e.g., a subject in need of a treatment or therapy). In 

other embodiments, red blood cells may be obtained from another/different subject (e.g., 

a blood-type matched donor (e.g., a family member)).  

10 Exemplary methods for the collection of blood and separation or isolation of RBCs 

are known to those of ordinary skill in the art and include, for example, centrifugation, 

magnetic bead technologies, fluorescence activated cell sorting, dextran sedimentation, 

density gradient separation, leukoreduction filtration, and the like. Suitable 

methodologies are disclosed, for example, in the following references: Dextran 

15 sedimentation - Tenczar FJ. Comparison of inverted centrifugation, saline washing, and 

dextran sedimentation in the preparation of leukocyte-poor red cells. Transfusion, 13(4) 

1973; Density gradient separation - Vettore L, De Matteis MC, Zampini P. A new density 

gradient system for the separation of human red blood cells. American Journal of 

Hematology, 8(3) 1980; Leukoreduction filtration - AuBuchon JP, Elfath MD, Popovsky 

20 MA, Stromberg RR, Pickard C, Herschel L, Whitley P, McNeil D, Arnold N, O'Conner 

JL. Evaluation of a new prestorage leukoreduction filter for red blood cell units. Vox 

Sanguinis, 72(2) 1997.  

In some embodiments, RBCs primed or treated to induce or trigger the release, 

retention, or sequestration of proteins may comprise or consist of RBC ghosts. The RBC 

25 ghosts may, for example, have more than: 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 

90%, 95%; 99% or 99.5% or all their cytoplasmic protein removed. The RBC ghosts may 

be produced using known techniques such as, for example, hypotonic hemolysis. (see, for 

example, Bramley TA, Coleman R, Finean JB. Chemical, enzymological and 

permeability properties of human erythrocyte ghosts prepared by hypotonic lysis in media 

30 of different osmolarities. Biochimica et Biophysica Acta - Biomembranes, 241(3) 1971).  

In other embodiments, RBCs primed to induce the release, retention, or 

sequestration of proteins may comprise or consist of RBC membranes or RBC membrane 

fragments. These may be produced using known techniques such as, for example, 

hypotonic hemolysis, and freeze-thawing of lysates.
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In some embodiments, RBCs may be washed to remove proteins associated with the 

outer membrane. Cell washes may be performed using suitable media such as, for 

example, phosphate buffered saline (PBS), an isotonic salt solution, a growth medium, a 

culture medium, or combinations thereof. Non-limiting examples of suitable media for 

5 use as cell wash liquid and/or cell culture media in the methods of the present disclosure 

include one or more of the following: isotonic salt solution, balanced salt solution, saline, 

phosphate buffered saline (PBS), hank's balanced salt solution (HBSS), Earle's balanced 

salt solution (EBSS), Roswell Park Memorial Institute medium (RPMI), minimum 

essential medium (MEM), Improved Minimum Essential Medium (IMEM), Eagle's 

10 minimal essential medium (EMEM), Dubelco's modified Eagle's medium (DMEM), 

Iscove's Modified Dulbecco's Media (IMDM), or combinations thereof 

In other embodiments, RBCs may be lysed and lysates and/or RBC membranes 

isolated. The RBC membranes may be washed to remove associated proteins.  

Additionally or alternatively, RBC membranes may be treated to directly or indirectly 

is bind to desired target proteins.  

Red blood cell proteins 

The present disclosure relies at least in part on the determination by the inventors 

that RBCs may act as a reservoir for various proteins (e.g. cytokines and chemokines). As 

20 demonstrated herein, RBCs harbour these proteins internally and/or on their outer 

membranes, often in significant quantities. The present inventors have shown that RBCs 

may be manipulated to sequester, retain, or release these proteins (e.g. cyokines, 

chemokines and growth factors). This provides a means of influencing processes 

including cell growth, cell death, cell differentiation, and/or immune responses.  

25 In some embodiments, proteins sequestered or retained by RBCs are localised 

internally. Hence, external proteins may be internalised by RBCs. Proteins released or 

secreted by RBCs may move or be transported from inside the cell across the cell 

membrane and into the external milieu.  

In other embodiments, proteins sequestered, retained, released, or secreted by the 

30 RBCs are localised on the cell surface. The proteins may be bound directly to the RBC 

outer membrane, or indirectly bound to the outer membrane via one or more RBC 

membrane proteins and/or molecules.  

A number of proteins may be modulated by the methods of the present disclosure, 

with non-limiting examples including signalling molecules, e.g., chemokines, cytokines,
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growth factors, receptors, intracellular signal transmitters, hormones, nuclear transcription 

factors, neurotransmitters, and extracellular matrix components, and enzymes. For 

instance, growth factors can include those that stimulate the growth, proliferation, 

healing, or differentiation of, for example, skin cells (e.g., epidennal growth factor (EGF), 

5 keratinocyte growth factor (KGF), migration stimulating factor (MSF)), nerve 

cells/nervous system (e.g., neuregulins (e.g., neuregulin 1-4) and neurotrophins (e.g., 

nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), neurotrophin-3 

(NT-3), neurotrophin-4 (NT-4))), connective tissue and mesenchymal cells (e.g., 

fibroblast growth factor (FGF)), blood vessel cells (e.g., platelet-derived growth factor 

10 (PDGF), placental growth factor (PGF), vascular endothelial growth factor (VEGF)), 

blood cells (e.g., erythropoietin, granulocyte colony stimulating factor (G-CSF), 

granulocyte macrophage colony-stimulating factor (GM-CSF)), and cell proliferation 

(e.g., insulin-like growth factor (IGF-1), insulin-like growth factor-2 (IGF-2)) along with 

pleitropic growth factors (e.g, transforming growth factor-beta (TGF-p), transforming 

is growth factor-beta (TGF-u), tumor necrosis factor (TNF)).  

Receptors can include intracellular receptors (e.g., nuclear (e.g., transcription 

factors), cytoplasmic (e.g., steroid), and endoplasmic recticulum (e.g., IP )receptors) or 

cell surface receptors (e.g., ion channel-linked, G-protein-linked, enzyme-linked, toll 

gate, and ligand gated receptors, integrins). Hormones can include lipid-derived (e.g., 

20 prostaglandins, leukotrienes, prostacylins, thromboxane); amino acid-derived (e.g., 

epinephrine, melatonin, thyroxine); peptide (e.g., amylin, adiponenctin, angiotensinogen, 

calcitonin, brain natriuretic peptide (BNP), erythropoietin, follicle-stimulating hormone 

(FSH), ghrelin, glucagon-like peptide-I (GLP-1), human chorionic gonadotropin (hCG), 

insulin, insulin-like growth factor (IGF), and the like); and steroids (e.g., androgen, 

25 estrogen, glucocorticoid, progestogen, secosteroid, and the like). Intracellular signal 

transmitters or transducers can include families of proteins and protein kinases (e.g., Ras 

and Src families), and Wnt signalling family proteins. Neurotransmitters can include 

amino acids, peptides (e.g., p-endorphin, opioid), monoamines, trace amines, purines, and 

gasotransmitters. Nuclear transcription factors can include modulators of DNA 

30 transcription (e.g., fos, myc, N-myc), and modulators of mRNA transcription, and 

suppressors of cell division (e.g., p53, pRb). Enzymes can include oxidoreductases (e.g., 

alcohol, aldehyde, amino acid, sulphur, diphenol, peroxidises, and the like) NADH, 

NADPH, nucleases, proteases, kinases, transferases, hydrolases, lyases, isomerases, and 

ligases.
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While not imparting particular limitation to the type(s) of proteins that may be 

sequestered, retained and/or released by RBCs in accordance with the present disclosure, 

non-limiting examples include chemokines, cytokines and growth factors.  

In certain embodiments and again without particular limitation, the proteins that 

5 may be sequestered, retained and/or released by the RBC include one or more of the 

proteins as set out in Table 1.  

Table 1: Non-limiting examples of individual proteins that may be sequestered and/or 

released by RBCaccording to thepresent disclosure.  

Single Protein (acronym) Single Protein (full name) 
basic FGF basic fibroblast growth factor 
CTACK (CCL27) cutaneous'T cell-attracting chemokine 
Eotaxin I CCLI I#1 
(i-CSIF (GCSF) granulocyte-colony stimulating factor 
GM-CSF (CSF2) granulocyte -macrophage colony-stimulating factor 
IIGF hepatocyte growth factor 
IFN-a2 interferon alpha subtype a2 

IFN-y interferon gamma 

IL-10 interleukin 10 
IL- 12 (IL-12p7O) interleukin 12 p3 5 and p40 heterodimer 
IL-13 interleukin 13 
IL-I2p40 interleukin 12 p40 subunit 
IL-15 interleukin 15 
IL- 16 interleukin 16 
IL-17A interleukin 17A 
IL-18 interleukin 18 
IL-1a interleukin I alpha 
IL-1f3 interleukin 1 beta 

IL-2 interleukin 2 
IL-2ra interleukin 2 receptor alpha chain 
IL-3 interleukin 3 
IL-4 Interleukin 4 
IL-5 interleukin 5 
IL-6 interleukin 6 
IL-7 interleukin 7 
IL-9 interleukin 9 
IP-10 (CXCI10) interferon gamma-induced protein 10 
LIF leukaemia inhibitory factor 
M-CSF (CSFI) macrophagecolony-stimulating factor 
MIG (CXCL9) nonokine induced by IFNy, Chemnokine (C-X-C motif) ligand 9 
MIP- 1a (CCL3) macrophage inflanunatory protein- I alpha 
MIP- 11P (CCL4) macrophage inflammatory protein-I alpha 
pNGF beta nerve growth factor 
PDGF-BB platelet-derived growth factor 13 chain hormodimer 

SDF-1a (CXCL12) strornal cell-derived factor I 
TNF-a (cachexin) tumour necrosis factor alpha 
TNF-fp (lymphotoxin) tumour necrosis factor-beta 
TRAIL TNF-related apoptosis-inducing ligand 
VEGF vascular endothelial growth factor 
IL-8 interleukin 8 
MCP-I (CCL2) monocyte chemoattractant protein- I
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MGSA maintenance of genome stability protein A 
PGE-2 prostaglandin E2 
RANTES (CCL5) regulated on activation, normal T cell expressed and secreted 
MIF (MMIF) nacropliage migration inhibitory factor 
GRO-a (CXCI.1) Growth-regulated oncogene a 
CRP C-reactive protein 
DDT (MIF-2) D-dopachrome tautomerase 

In certain embodiments, the level of at least one protein is modulated in a subject by 

the methods provided herein. In other embodiments, the level of at least one protein, at 

least two proteins, at least three proteins, at least four proteins, at least five proteins, at 

least six proteins, at least seven proteins, at least eight proteins, at least nine proteins, at 

5 least ten proteins, at least eleven proteins, at least twelve proteins, at least thirteen 

proteins, at least fourteen proteins, at least fifteen proteins, at least sixteen proteins, at 

least seventeen proteins, at least eighteen proteins, at least nineteen proteins, at least 

twenty proteins, at least twenty-one proteins, at least twenty-two proteins, at least twenty

three proteins, at least twenty-four proteins, at least twenty-five proteins, at least twenty

10 six proteins, at least twenty-seven proteins, at least twenty-eight proteins, at least twenty

nine proteins, or at least thirty proteins is modulated in a subject. In some embodiments, 

the level of at least two proteins is modulated in a subject. In other embodiments, the 

level of at least three proteins is modulated in a subject. In still other embodiments, the 

level of at least four proteins is modulated in a subject. In other embodiments, the level 

is of at least five proteins is modulated in a subject. In another embodiment, the level of at 

least six proteins is modulated in a subject. In some other embodiments, the level of at 

least seven proteins is modulated in a subject. In another embodiment, the level of at 

least eight proteins is modulated in a subject. In still other embodiments, the level of at 

least nine proteins is modulated in a subject. In yet other embodiments, the level of at 

20 least ten proteins is modulated in a subject.  

In certain embodiments, contacting red blood cells with an agents) modulates the 

level of one or more red blood cell proteins, two or more red blood cell proteins, three or 

more red blood cell proteins, four or more red blood cell proteins, five or more red blood 

cell proteins, six or more red blood cell proteins, seven or more red blood cell proteins, 

25 eight or more red blood cell proteins, nine or more red blood cell proteins, ten or more red 

blood cell proteins, eleven or more red blood cell proteins, twelve or more red blood cell 

proteins, thirteen or more red blood cell proteins, fourteen or more red blood cell proteins, 

fifteen or more red blood cell proteins, sixteen or more red blood cell proteins, seventeen 

or more red blood cell proteins, eighteen or more red blood cell proteins, nineteen or more 

30 red blood cell proteins, twenty or more red blood cell proteins, twenty-one or more red
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blood cell proteins, twenty-two or more red blood cell proteins, twenty-three or more red 

blood cell proteins, twenty-four or more red blood cell proteins, twenty-five or more red 

blood cell proteins, twenty-six or more red blood cell proteins, twenty-seven or more red 

blood cell proteins, twenty-eight or more red blood cell proteins, twenty-nine or more red 

5 blood cell proteins, or thirty or more red blood cell proteins. In some embodiments, an 

agent(s) modulates the level of two or more red blood cell proteins. In other 

embodiments, an agents) modulates the level of three or more red blood cell proteins. In 

still other embodiments, an agent(s) modulates the level of four or more red blood cell 

proteins. In some other embodiments, an agent(s) modulates the level of five or more red 

10 blood cell proteins. In other embodiments, an agent(s) modulates the level of six or more 

red blood cell proteins. In still other embodiments, an agent(s) modulates the level of 

seven or more red blood cell proteins. In yet other embodiments, an agent(s) modulates 

the level of eight or more red blood cell proteins. In some other embodiments, an 

agent(s) modulates the level of nine or more red blood cell proteins. In other 

15 embodiments, an agent(s) modulates the level of ten or more red blood cell proteins.  

Red blood cell priming 

According to methods of the present disclosure, RBCs may be primed or treated 

with a variety of agents or various environmental conditions to modulate the levels of red 

20 blood cell proteins. In certain embodiments, methods are provided for priming red blood 

cells by measuring the difference in the level of one or more red blood cell proteins 

before and after the red blood cells are contacted with an agent or condition.  

In certain embodiments, the level of one or more proteins associated with red blood 

cells, two or more proteins associated with red blood cells, three or more proteins 

25 associated with red blood cells, four or more proteins associated with red blood cells, five 

or more proteins associated with red blood cells, six or more proteins associated with red 

blood cells, seven or more proteins associated with red blood cells, eight or more proteins 

associated with red blood cells, nine or more proteins associated with red blood cells, ten 

or more proteins associated with red blood cells, eleven or more proteins associated with 

30 red blood cells, twelve or more proteins associated with red blood cells, thirteen or more 

proteins associated with red blood cells, fourteen or more proteins associated with red 

blood cells, fifteen or more proteins associated with red blood cells, sixteen or more 

proteins associated with red blood cells, seventeen or more proteins associated with red 

blood cells, eighteen or more proteins associated with red blood cells, nineteen or more
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proteins associated with red blood cells, or twenty or more proteins associated with red 

blood cells are measured. In some embodiments, the level of two or more proteins 

associated with red blood cells are measured. In other embodiments, the level of three or 

more proteins associated with red blood cells are measured. In still other embodiments, 

5 the level of four or more proteins associated with red blood cells are measured. In some 

other embodiments, the level of five or more proteins associated with red blood cells are 

measured. In other embodiments, the level of six or more proteins associated with red 

blood cells are measured. In still other embodiments, the level of seven or more proteins 

associated with red blood cells are measured. In yet other embodiments, the level of eight 

10 or more proteins associated with red blood cells are measured. In some other 

embodiments, the level of nine or more proteins associated with red blood cells are 

measured. In other embodiments, the level of ten or more proteins associated with red 

blood cells are measured 

In certain embodiments, change in the levels of the red blood cell-associated 

is protein(s) is different or substantially different. The different or substantially different 

level of the one or more proteins may range from, for example, protein levels that are 

different (e.g., not within a relevant statistical analysis as determined by one of skill in the 

art) to protein levels that are more than those determined to be similar by a person of 

ordinary skill in the art by, for example, a statistical analysis or a threshold fold difference 

20 (e.g., proteins levels more than two-fold different). In some embodiments, the level of 

one or more proteins associated with red blood cells before and after being contacted with 

an agent(s) or condition(s) is different. In yet other embodiments, the level of one or 

more proteins associated with red blood cells before and after being contacted with an 

agent(s) or condition(s) is substantially different. In other embodiments, the difference in 

25 the level of one or more proteins associated with red blood cells before and after being 

contacted with an agent(s) or condition(s) is substantially different as determined by 

statistical methods available to one skilled in the art (e.g., a Students T-test with a p-value 

of 0.05 or higher). A number of methods of statistical analyses are appropriate to 

determine the difference in the level of proteins associated with red blood cells before and 

30 after being contacted with an agent(s) or a condition(s) including, for example, a 

Student's T test, an ANOVA test, a mixed-effects model, a Mann-Whitney test, a 

Wilcoxon rank sum, or a Spearmans rank correlation. The difference in the levels of the 

protein(s) associated with red blood cells may be due to, in some embodiments, an 

increase in the levels of one or more proteins; in other embodiments, a decrease in the
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levels of one or more proteins; or in still other embodiments, both an increase and a 

decrease in the levels of one or more proteins.  

In certain embodiments, a agent or condition induces or triggers the release of 

proteins. The proteins may be transported from the cell interior across the cell membrane 

5 and into the external milieu, or alternatively they may be released from the outer surface 

membrane of the RBC. Additionally or alternatively, RBCs may be primed or treated to 

induce the sequestration of external proteins. The proteins may be sequestered into the 

cell interior, and/or onto the outer surface membrane of the RBC. Additionally or 

alternatively, RBCs may be primed or treated to promote the retention of proteins located 

10 within the RBC and/or on the surface or membrane of the RBC.  

The following are non-limiting examples of specific agents/treatments or conditions 

that may be applied to RBCs in accordance with the present disclosure. In some 

embodiments, RBCs may be primed or treated with an agent to induce the release, 

retention, or sequestration of proteins. Exemplary agents may be one or more of the 

is following: proteins, enzymes, nucleic acids, protease inhibitors, protein denaturation 

agents, RNA stabilisers, anticoagulants, cells, or combinations thereof. In particular, 

RBCs may be primed with one or more proteins (e.g., synthesized, purified, recombinant, 

and/or vector-expressed proteins), enzymes (e.g., substances that accelerate or catalyze 

chemical reactions, e.g., protein reactions), nucleic acids (e.g., RNA, DNA, or synthetic 

20 nucleic acids), protease inhibitors (e.g., specific or non-specific protease inhibitors), 

protein denaturation agents (e.g., oxidizing or reducing reagents), RNA stabilisers (e.g., 

chemical (e.g., RNAse inactivation agents), small molecule, or biological (e.g., 

aminoglycosides) agents), anti-coagulents (e.g., coumarins, heparins, chelating agents 

(e.g., EDTA, EGTA)), chemical agents (e.g., synthesized or naturally occurring chemical 

25 compounds), and cells (e.g., primary cells or other healthy/normal cells from a subject, 

cancer cells, immortalized cells, cell lines (e.g., cell lines derived from a subject)).  

In some embodiments, the protease inhibitor may, for example, be selected from 

aprotinin, leupeptin, a2-macroglobulin, antipain dihydrochloride, calpain inhibitor I, 

calpain inhibitor 11, chymostatin, TLCK (CAS 131918-97-3), trypsin-inhibitor, Pefabloc 

30 SC (Roche), PMSF (C6H5CH2SO2F - Thenno Fisher Scientific), complete protease 

inhibitor cocktail (Roche), or combinations thereof.  

In other embodiments, the anti-coagulant may, for example, be selected from 

heparin, ethylenediaminetetraacetic acid (EDTA), EDTA disodium salt, EDTA 

tetrasodium salt, EDTA dipotassium salt, EDTA diammonium salt,
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ethylenebis(oxyethylenenitrilo)tetraacetic acid (EGTA), EDTA trisodium salt, EDTA 

tripotassium salt, ethylene glycol-O,O-bis(2-aminoethyl)-N,N,N,N-tetraacetic acid, N-(2

hydroxyethyl)ethylenediamine-N,N,N-triacetic acid trisodium salt, citrate, acid-citrate

dextrose, di-ammonium hydrogen citrate, di-ammonium tartrate, warfarin, N-(2

5 bis(carboxymethyl)aminoethyl)-N-(2-hydroxyethyl)glycin salt dehydrate, citric acid, citric 

acid monosodium salt, citric acid disodium salt, citric acid trisodium salt, citric acid 

monopotassium salt, citric acid tripotassium salt, protein C/protein S, nitrilotriacetic acid, 

potassium sodium tartrate, potassium hydrogen D-tartrate, L-tartaric acid monosodium 

salt, L-tartaric acid disodium salt, L-tartaric acid dipotassium salt, streptokinase, 

10 protamine sulfate, tris(carboxymethyl)amine, anti-thrombin III, phenprocoumon, hirudin, 

nicoumalone, Coumadin, glycosaminoglycans, ibuprofen, acetylsalicylic acid, 

indomethacin, prostaglandins, sulfinpyrazone, urokinase, hirulog, tissue plasminogen 

activator, coumarin, and combinations thereof.  

Thus, in some embodiments, RBCs are primed with a protease inhibitor (e.g.  

is cOmplete protease inhibitor cocktail (Roche)), and induced to secrete/release one or more 

of the following proteins: IFN-a2, IFN-y, IL-1p, IL-8, IL-9, IL-12p70, IL-16, IL17, IL

18, MIF, TNF-a, IL-2ra, IL-4, CTACK, GRO-a, IL-18, MCP-1, MIP-1 GRO-a, MIP

l, RANTES, SDF-la, pFGF, G-CSF, GM-CSF, HGF, IL-3, IP-10, M-CSF, PDFG-bb, 

VEGF, IL-2, IL-6, IL-I2p40. In other embodiments, RBCs are primed or treated with a 

20 protease inhibitor and induced to retain and/or sequester one or more of the following 

proteins: CTACK, GRO-a, [FGF, G-CSF, CM-CSF, HGF, IFN-a2, IFN-y, IL-la, IL- I, 

IL-2, IL-2ra, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12-40, IL-12p70, IL-13, 

IL-15, IL-16, IL-17, IL-18, IP-10, LIF, MCP-1, M-CSF, MIF, MIG, MIP-la, MIP-1p, P
NGF, PDGF-bb, RANTES, SDF-la, TNF-a, TNF-3, TRAIL, of VEGF.  

25 In further embodiments, RBCs are primed with an anti-coagulant (e.g., coumarin, 

heparin and/or EDTA) and induced to secrete/release one or more proteins (e.g., MIF).  

In other embodiments, RBCs are primed with protein denaturation agents (e.g., 

chemical agents) that may include formamide, guanidine (isothiocyanate, thiocyanate, 

HCl), sodium dodecyl sulphate (SDS), or urea.  

30 In yet other embodiments, RBCs are primed with nucleic acids like RNA, DNA, or 

artificial nucleic acids. RBCs may be primed with the nucleic acids directly (e.g., 

transformation, transfection, transduction, or injection) or indirectly through, for example, 

a vehicle (e.g., a virus or polymer).
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In another embodiments, the RBC are primed with RNA stabilizers (e.g., RNAases 

or aminoglycosides).  

In still other embodiments, RBCs are primed with cells, including one cell type 

and/or cell line or several cell types and/or cell lines. In some embodiments, the cells are 

5 immune cells, cancer cells, stem cells, endothelial cells, fibroblasts, synovial cells, and 

myeloid cells. The immune cells may, for example, be one or more of the following: T

lymphocytes, B-lymphocytes, monocytes, macrophages, dendritic cells, natural killer 

cells, neutrophils, eosinophils, or basophils. The cancer cells may, for example, be one or 

more of tumour cells, solid tumour cells, disseminated tumour cells, cancerous blood 

10 cells. The stem cells may, for example, be one or more of the following: totipotent stem 

cells, pluripotent stem cells, multipotent stem cells, tissue stem cells, embryonic stem 

cells, human embryonic stem cells (HeSC), somatic stem cells, heimatopoletic stem cells 

(e.g. from umbilical cord blood, bone marrow), bone marrow stromal stem cells (skeletal 

stem cells), induced pluripotent stem cells (IPSO), epidermal stem cells, epithelial stem 

is cells, mesenchymal stem cells, neural stem cells, mesenchymal stem cells, or 

combinations thereof. In still other embodiments, the cells may be those of numerous cell 

lines known to one of skill in the art including, for example, HUVEC, HEK-293, HT-29, 

MEWO, Jurkat, MCF-7, or A549 cells, and the like.  

In certain aspects of the disclosure, RBCs may be subjected to certain conditions to 

20 prime the RBCs. In some embodiments, RBCs may be subjected to shear stress to induce 

the release, retention, or sequestration of proteins. RBC are constantly subjected to shear 

forces in vivo when travelling from venous circulation into capillary beds. This may be 

emulated by suitable means such as, for example, forcing the RBC through a narrow 

gauge needle. The shear forces may impart a pressure on the RBC that exceeds standard 

25 blood pressure in a given individual, for example, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 

2, 3, 4, 5 or more than 5 times.  

In still other embodiments, RBCs may be primed or treated with excess oxygen, or 

alternatively deprived of oxygen to induce the release, retention, or sequestration of 

proteins. For example, RBCs may be primed or treated with excess oxygen (e.g., 

30 hyperoxic conditions) in culture for a suitable time period such that they become highly 

oxygenated. In yet other embodiments, RBCs may be primed or treated with hypoxic 

media (e.g., hypoxic PBS), sealed, and cultured for a suitable time period such that they 

become deoxygenated.
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Subjects 

Certain embodiments relate to subjects according to the methods provided herein.  

The subject may be an animal that includes, for example, bovine, equine, ovine, primate, 

avian or rodent species. The subject may be an animal in which the blood comprises red 

5 blood cells (e.g., a mammal, bird, fish, reptile, or amphibian). In some embodiments, the 

subject may be a mammal such as, for example, a human or a non-human mammal. In 

another embodiment, the subject may be a mouse, rat, hamster, ferret, gerbil, rabbit, 

monkey, chimpanzee, horse, pony, donkey, sheep, pig, chicken, goat, cat, or dog. The 

subject may be suffering from a disease or condition such as, for example, a tissue injury, 

10 cancer, an inflammatory disease or condition, and/or an immune disorder. The subject 

may be receiving a primary therapy for the disease or condition, and the methods of the 

present disclosure may be used as an adjunct therapy. Alternatively, the methods of the 

disclosure may be used as a primary therapy for a subject and another therapy used as an 

adjunct therapy. In some embodiments, an adjunct therapy (e.g., primed red blood cells 

is and/or target cells) may be administered to the subject by the same route as the primary 

therapy or a different route than the primary therapy. In other embodiments, an adjunct 

therapy may be administered to the subject at a different time (e.g., dosing schedule) than 

the primary therapy or the same time as the primary therapy.  

20 Cell Therapies 

Experimental data provided in the Examples of the present specification 

demonstrate that RBC may be primed or treated to sequester, retain, or release proteins 

(e.g. cytokines, chemokines, and/or growth factors).  

The present disclosure provides methods for increasing or decreasing levels of a 

25 target protein on, within, or surrounding the cells of a subject. The present disclosure also 

provides methods for inducing or modulating the activity of target cell types and cell 

populations (in vitro, ex vivo or in vivo).  

Certain embodiments are directed to methods that comprise priming or treating 

RBCs to increase or decrease levels of one or more proteins (e.g, target proteins) present 

30 within the RBC and/or associated with a surface of the RBC. RBCs may be primed or 

treated prior to administration to the subject or mixing with target cells such as, for 

example, by priming or treating with a protease inhibitor, priming or treating with an 

anticoagulant, lysing the RBCs and optionally isolating RBC membranes, washing the
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RBCs, subjecting the RBCs to shear stress, priming or treating the RBCs with oxygen, 

depriving the RBCs of oxygen, and/or combinations thereof.  

In some embodiments, the primed or treated RBCs and/or primed or treated RBC 

components or products (e.g., RBC membranes, RBC lysates, RBC washes, RBC culture 

5 supernatants, RBC ghosts) may be administered to a subject to modulate the 

activity/function of a target cell population(s) in vivo. One or more of the following: 

whole RBC, lysed RBC, RBC ghosts, isolated RBC membranes, washed RBC, wash 

solution from washed RBC, RBC supernatant from cultured RBC, RBC subjected to 

shear stress, RBC primed or treated with oxygen, RBC deprived of oxygen, or 

10 combinations thereof, may be administered to the subject. The lysed RBC, isolated RBC 

membranes, and washed RBC may be primed or treated with a protease inhibitor, anti

coagulant, cells, or combinations thereof, or may be produced from whole RBC primed or 

treated with a protease inhibitor, anti-coagulant, cells, or combinations thereof. RBCs 

subjected to shear stress, RBC primed or treated with oxygen, and RBC deprived of 

is oxygen may also be pre- or post-treated or primed with a protease inhibitor, anti

coagulant, cells, or combinations thereof.  

The primed or treated RBCs and/or primed or treated RBC components or products 

may be administered to the subject locally or systemically. For example, the RBCs/RBC 

components or products may be administered intravenously, epicutaneously, 

20 subcutaneously, intra-articularly, via a mucous membranes (e.g. inhalation, rectal), 

intramuscularly, intracerebrally, intrathecally, and/or intraperitoneally. In some 

embodiments, administration of the RBCs to the subject may induce and/or modulate one 

or more immune response(s) in the subject. Additionally or alternatively, administration 

of the RBCs to the subject may induce and/or modulate cell development. Additionally or 

25 alternatively, administration of the RBCs to the subject may induce and/or modulate cell 

growth. Additionally or alternatively, administration of the RBCs to the subject may 

induce and/or modulate cell death. Additionally or alternatively, administration of the 

RBCs to the subject may induce and/or modulate cell repair.  

In some embodiments, the primed or treated RBCs and/or primed or treated RBC 

30 components or products (e.g. RBC membranes, RBC lysates, RBC washes, RBC culture 

supernatants, RBC ghosts) may be mixed with target cells in vitro or ex vivo to form a 

mixture (e.g., a cell culture). Mixing of RBCs and target cells may include, for example, 

combining, incubating, culturing, and/or co-culturing the cells on a substrate (e.g., cell 

culture plate or flask) or in suspension (e.g., in a tube or flask). Non-limiting examples of
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suitable target cells include, but are not limited to, immune cells, stem cells, endothelial 

cells, fibroblasts, synovial cells, and/or myeloid cells. The mixture may, if desired, be 

maintained for a time period suitable to achieve modification of cell activity (e.g. target 

cell activity, and/or RBC activity if present), and/or the sequestration of target protein(s), 

5 and/or the release of target proteins from cells in the mixture (e.g. target cell activity 

and/or RBC activity if present). The target cells and/or target cell product(s) (e.g. target 

cell membranes, target cell lysates, target cell washes, target cell ghosts) may be 

administered to a subject. The target cells and/or target cell product(s) may be 

administered to the subject with or without other components from the mixture such as, 

10 for example, supernatant from the mixture, and/or RBC from the mixture, and/or RBC 

components or products (e.g., RBC membranes, RBC lysates, RBC washes, RBC ghosts) 

from the mixture. One or more components of the mixture may be administered to the 

subject locally (e.g., topical) or systemically (e.g., enteral, parenteral). For example, the 

component(s) may be administered intravenously, epicutaneously, subcutaneously, intra

is articularly, via a mucous membranes (e.g., inhalation, rectal), intramuscularly, 

intracerebrally, intrathecally, and/or intraperitoneally. In some embodiments, target cells 

and/or target cell product(s) from the mixture may be administered to the subject locally 

or systemically. Again by way of non-limiting example, the target cells and/or target cell 

product(s) from the mixture may be administered to the subject locally, and RBCs and/or 

20 RBC components or products may be administered systemically to the subject.  

Additionally or alternatively, the target cells and/or target cell product(s) from the mixture 

may be administered to the subject systemically, and RBC and/or RBC components or 

products may be administered systemically to the subject. Administration of one or more 

components (e.g., supernatant, target cells, target cell product(s), RBC, and/or RBC 

25 product(s) of the mixture to the subject may induce and/or modulate one or more of the 

following: cell signaling, immune response, cell development, cell growth, inhibition of 

cell growth, cell death, and cell repair in vivo.  

RBCs, RBC components or products, target cells, and target cell components or 

products used in the methods of the present disclosure may be obtained or derived from 

30 individual(s) of one or more species that differ from the species of the subject to which 

they are administered (i.e., allogeneic). The individual(s) and subject may be mammalian.  

RBCs, RBC components or products, target cells, and target cell components or 

products used in the methods of the present disclosure may be obtained or derived from 

individual(s) of a species that is the same as that of the species of the subject to which
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they are administered (i.e., allogeneic). The individual(s) may have the same blood type 

as the subject, or a different blood type compared to that of the subject. The individual(s) 

and subject may be mammalian (e.g., human).  

RBCs, RBC components or products, target cells, and target cell components or 

5 products used in the methods of the present disclosure may be obtained or derived from 

the subject to which they are administered (i.e., autologous). The subject may be 

mammalian (e.g., human).  

In embodiments in which the RBCs, RBC components or products, target cells, and 

target cell components or products are obtained or derived from individual(s) that are not 

10 the subject, standard methods for the collection and separation of cells may be used as are 

known to those of ordinary skill in the art (e.g. centrifugation, magnetic bead 

technologies, fluorescence activated cell sorting, dextran sedimentation, density gradient 

separation, leukoreduction filtration, and the like).  

In embodiments in which RBCs are obtained from the subject for treatment and re

15 administration to the subject, methods for the collection of blood and separation of RBC 

may be used as are known to those of ordinary skill in the art (e.g.  

apheresis/erythropheresis, centrifugation, magnetic bead technologies, fluorescence 

activated cell sorting, dextran sedimentation, density gradient separation, leukoreduction 

filtration, and the like).  

20 Administration of RBCs, RBC components or products, target cells, and/or target 

cell components or products to a subject in accordance with the methods of the present 

disclosure may provide a favourable outcome in the prevention and/or treatment of 

diseases and conditions.  

By way of non-limiting example, treating RBCs with an agent or condition may 

25 prime them to sequester certain target proteins once administered to the subject.  

Additionally or alternatively, RBCs may be primed to release one or more target proteins 

(i.e., one or more target protein types) once mixed with target cells and/or upon 

administration to the subject. Without imparting particular limitations, the target 

protein(s) may be chemokine(s), cytokine(s) and/or growth factor(s). Non-limiting 

30 examples of suitable proteins are listed in Table 1 above.  

Non-limiting examples of target cells in the subject that may be induced or 

modulated upon administration of the primed or treated RBCs include, but are not limited 

to, immune cells, cancer cells, stem cells, endothelial cells, fibroblasts, synovial cells, and 

myeloid cells. The immune cells may, for example, be one or more of the following: T-
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lymphocytes, B-lymphocytes, monocytes, macrophages, dendritic cells, natural killer 

cells, neutrophils, eosinophils, basophils. The cancer cells may, for example, be one or 

more of tumour cells, solid tumour cells, disseminated tumour cells, cancerous blood 

cells. The stem cells may, for example, be one or more of the following: totipotent stem 

5 cells, pluripotent stem cells, multipotent stem cells, tissue stem cells, embryonic stem 

cells, human embryonic stem cells (HeSC), somatic stem cells, hernatopoietic stem cells 

(e.g. from umbilical cord blood, bone marrow), bone marrow stromal stem cells (skeletal 

stem cells), induced pluripotent stem cells (IPSO), epidermal stem cells, epithelial stem 

cells, mesenchymal stem cells, neural stem cells, mesenchymal stem cells, or 

10 combinations thereof.  

Target cells (e.g., immune cells, stem cells, endothelial cells, fibroblasts, synovial 

cells, and/or myeloid cells) and target cell components or products administered to the 

subject after mixing with primed or treated RBC/primed or treated RBC components or 

products may have numerous biological effects including, but not limited to, the induction 

is and/or modulation of cell development, cell growth, cell death, cell repair, and/or immune 

responses.  

For example, the modulated activity of a stem cell may include one or more of the 

following: altered lineage, altered cytokine secretion profile, altered stem cell homing, 

altered engraftment potential, increased or reduced proliferation capacity, or combinations 

20 thereof.  

Target cells administered to the subject may be isolated/purified from other 

components that they have been mixed with such as RBCs, or alternatively administered 

to the subject together with other component(s) (e.g,. RBC components).  

25 Medicaments 

The present disclosure provides medicaments for performing the methods of the 

present disclosure.  

In some embodiments, the medicaments comprise RBC that have been primed or 

treated in accordance with the present disclosure to increase or decrease levels of one or 

30 more proteins or target proteins present within and/or associated with a surface of the 

RBC.  

The medicament may comprise primed or treated RBCs that have been obtained 

from a subject to which the medicament is to be administered. Additionally or 

alternatively, the medicament may comprise primed or treated RBs that have been
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obtained from an individual of the same species to the subject to which the medicament is 

to be administered. The individual of the same species may or may not have the same 

blood type as the subject. Additionally or alternatively, the medicament may comprise 

primed or treated RBCs that have been obtained from an individual of a different species 

5 to the subject to which the medicament is to be administered.  

In other embodiments, the medicaments comprise target cells that have been mixed 

(e.g., cultured) with primed or treated RBCs/RBC components or products in accordance 

with the present disclosure. By way of non-limiting example, the target cells may be 

immune cells, stem cells, endothelial cells, fibroblasts, synovial cells, and/or myeloid 

10 cells. The immune cells may, for example, be one or more of T-lymphocytes, B

lymphocytes, monocytes, macrophages, dendritic cells, natural killer cells, neutrophils, 

eosinophils, and/or basophils. The cancer cells may, for example, be one or more of the 

following: tumour cells, solid tumour cells, disseminated tumor cells, cancerous blood 

cells. The stem cells may, for example, be one or more of totipotent stem cells, 

is pluripotent stem cells, multipotent stem cells, tissue stem cells, embryonic stem cells, 

human embryonic stem cells (HeSC), somatic stem cells, hematopoietic stem cells (e.g.  

from umbilical cord blood, bone marrow), bone marrow stromal stem cells (skeletal stem 

cells), induced pluripotent stem cells (IPSO), epidermal stem cells, epithelial stem cells, 

mesenchymal stem cells, neural stem cells, mesenchymal stem cells, or combinations 

20 thereof. These medicaments may further comprise other additional component(s) of the 

mixture such as, for example, RBCs and/or RBC components or products.  

In some embodiments, the present disclosure provides use of RBCs primed or 

treated to increase or decrease levels of one or more proteins or target proteins present 

within and/or associated with a surface of the RBC, and/or a product or component of the 

25 primed or treated RBCs selected from one or more of a lysate, membrane preparation, 

ghost, wash, and/or culture supernatant, in the preparation of a medicament for inducing 

or modulating one or more of cell signaling, immune response(s), cell development, cell 

growth, inhibition of cell growth, cell death, and/or cell repair in a subject.  

In other embodiments, the present disclosure provides RBC primed or treated to 

30 increase or decrease levels of a target protein present within and/or associated with a 

surface of the RBC, and/or a product of the primed or treated RBC selected from one or 

more of a lysate, membrane preparation, ghost, wash, and culture supernatant, for use in 

inducing or modulating one or more of cell signaling, immune response(s), cell
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development, cell growth, inhibition of cell growth, cell death, and/or cell repair in a 

subject.  

In some embodiments, the present disclosure provides use of target cells in the 

preparation of a medicament for preventing or treating a disease or condition, wherein the 

5 target cells have been mixed with RBCs primed or treated to increase or decrease levels 

of one or more proteins or target proteins present within and/or associated with a surface 

of the RBC, and/or a product or component of the primed or treated RBCs selected from 

one or more of a lysate, membrane preparation, ghost, wash, and culture supernatant.  

In other embodiments, the present disclosure provides target cells for use in 

10 preventing or treating a disease or condition, wherein the target cells have been mixed 

with RBCs primed or treated to increase or decrease levels of one or more proteins or 

target proteins present within and/or associated with a surface of the RBC, and/or a 

product of the primed or treated RBC selected from one or more of a lysate, membrane 

preparation, ghost, wash, and culture supernatant.  

is In accordance with one or more of the embodiments set out herein, the RBCs may 

be contacted with an agent according to the methods provided herein. The target 

protein(s) may be one or more of IFN-a2, IFN-y, IL-1p, IL-8, IL-9, IL-12p70, IL-16, 

1L17, IL-18, MIF, TNF-cx, IL-2ra, IL-4, CTACK, GRO-a, IL-18, MCP-1, MIP-1 GRO

a, MIP-1f, RANTES, SDF-Ia, FGF, G-CSF, GM-CSF, HGF, IL-3, IP-10, M-CSF, 

20 PDFG-bb, VEGF, IL-2, IL-6, IL-12p40, CTACK, GRO-a, PFGF, G-CSF, CM-CSF, 

HGF, IFN-a2, IFN-y, IL-la, IL-11, IL-2, IL-2ra, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, 

IL-10, IL-12-40, IL-12p70, IL-13, IL-15, IL-16, IL-17, IL-18, IP-10, LIF, MCP-1, M

CSF, MIF, MIG, MIP-la, MIP-1, 3-NGF, PDGF-bb, RANTES, SDF-Ia, TNF-a, TNF

PTRAIL, VEGF. The target cells may be one or more of those set out previously. The 

25 subject may be mammalian (e.g., human). The subject may be suffering from a disease or 

condition (e.g., a tissue injury, cancer, an inflammatory disease or condition, an immune 

disorder).  

Medicaments according to the present disclosure may comprise a pharmaceutically 

acceptable carrier, excipient, diluent and/or adjuvant. "Pharmaceutically acceptable" 

30 carriers, excipients, diluents and/or adjuvants as contemplated herein are substances 

which do not produce adverse reaction(s) when administered to a particular recipient such 

as a human or non-human animal. Pharmaceutically acceptable carriers, excipients, 

diluents and adjuvants are generally also compatible with other ingredients of the 

medicaments such as, for example, RBCs, RBC components or products, target cells, or
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target cell components or products. Non-limiting examples of suitable excipients, 

diluents, and carriers may be found in the "Handbook ofPharmaceutical Excipients" 4th 

Edition, (2003) Rowe e al. (Eds), The Pharmaceutical Press, London, American 

Pharmaceutical Association, Washington.  

5 Adjuvant(s) may be included in the medicaments of the present disclosure. Suitable 

adjuvants may be included. In general, adjuvant activity in the context of the 

medicaments include, but is not limited to, the ability to enhance the immune response 

(quantitatively or qualitatively) induced by immunogenic components in the medicament 

(e.g., RBCs, RBC components or products, target cells, target cell components or 

10 products). This may reduce the dose or level of the immunogenic components required to 

produce an immune response and/or reduce the number or the frequency of dosages 

required to produce the desired immune response.  

An adjuvant may enhance the immune response induced and/or enhanced by 

component(s) of the medicament thereby improving therapeutic outcomes. The adjuvant 

is may enable the induction of immunity utilising a lower dose of other active components) 

(e.g., RBC, RBC components or products, target cells, target cell components or 

products).  

Non-limiting examples of adjuvants suitable for inclusion in the medicaments and 

methods for their preparation include 

20 Typically medicaments according to the present disclosure may be administered 

locally or systemically. For example, the medicaments may be administered 

intravenously, epicutaneously, subcutaneously, intra-artcularly, via a mucous membranes 

(e.g. inhalation, rectal), intramuscularly, intracerebrally, intrathecally, and/or 

intraperitoneally. In some embodiments, the medicaments may comprise separate 

25 components that are not administered together. For example, the medicament may 

comprise a first component of primed or treated RBCs and/or RBC components or 

products and a second component of target cells and/or target cell components or products 

that have been mixed with the primed or treated RBCs/RBC components or products. The 

RBCs and/or RBC components or products may be administered by a first administration 

30 route (e.g., a systemic route) and the target cells and/or target cell components or products 

may be administered by a second different route (e.g., a local route), or vice versa.  

In general, the medicaments are administered in a manner compatible with the route 

of administration and physical characteristics of the recipient (including health status) and
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in such a way that it elicits the desired effect(s) (i.e., therapeutically effective, 

immunogenic and/or protective).  

For example, the appropriate dosage of a given medicament may depend on a 

variety of factors including, but not limited to, a subject's physical characteristics (e.g., 

5 age, weight, sex), whether the medicament is being used as single agent or adjuvant 

therapy, the progression of a given disease state, and other factors that may be recognised 

by one skilled in the art. Various general considerations that may be considered when 

determining an appropriate dosage of a given medicament of the present disclosure are 

described, for example, in Gennaro et al. (Eds), (1990), "Remington' Pharmaceutical 

10 Sciences", Mack Publishing Co., Easton, Pennsylvania, USA; and Gilman et al., (Eds), 

(1990), "Goodman And Gilmans: The Pharmacological Bases of Therapeutics", 

Pergarnon Press.  

In general, medicaments of the present disclosure may be administered to a subject 

in an amount of from about 50 micrograms to about 5 mg ofactive component(s) (e.g, 

is RBCs, RBC components or products, target cells, target cell components or products). In 

some embodiments, the dosage is in an amount of from about 50 micrograms to about 

500 micrograms.  

One skilled in the art would be able, by routine experimentation, to determine an 

effective, non-toxic amount of RBC and/or stem cells thereof to include in a medicament 

20 of the disclosure for the desired therapeutic outcome.  

Generally, an effective dosage is expected to be in the range of about 0.0001 mg to 

about 1000 mg of active component(s) (e.g., RBCs, RBC components or products, target 

cells, target cell components or products) per kg body weight per 24 hours; typically, 

about 0.001mg to about 750 mg per kg body weight per 24 hours; about 0.01mg to about 

25 500 mg per kg body weight per 24 hours; about 0.1mg to about 500 mg per kg body 

weight per 24 hours; about 0.1mg to about 250 mg per kg body weight per 24 hours; about 

1.0 ing to about 250 mg per kg body weight per 24 hours. More typically, an effective 

dose range is expected to be in the range about 1.0 mg to about 200 mg per kg body 

weight per 24 hours; about 1.0mg to about 100mg per kg body weight per 24 hours; about 

30 1.0 mg to about 50 mg per kg body weight per 24 hours; about 1.0mg to about 25 mg per 

kg body weight per 24 hours; about 5.0 mg to about 50 mg per kg body weight per 24 

hours; about 5.0 mg to about 20 mg per kg body weight per 24 hours; about 5.0 mg to 

about 15 mg per kg body weight per 24 hours.
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Alternatively, an effective dosage may be up to about 500 mg/m2 of active 

component(s) (e.g., RBCs, RBC components or products, target cells, target cell 

components or products). Generally, an effective dosage is expected to be in the range of 

about 25 to about 500 mg/m2 , about 25 to about 350 mg/m2 , about 25 to about 300 mg/2 , 

5 about 25 to about 250 mg/m2, about 50 to about 250 mg/m2 , and about 75 to about 150 

mg/m2.  

Typically, in therapeutic applications, the treatment would be for the duration of the 

infection, disease state or condition. Further, it will be apparent to one of ordinary skill in 

the art that the optimal quantity and spacing of individual dosages may be determined by 

10 the nature and extent of the infection, disease state or condition being treated, the form, 

route and site of administration, and the nature of the particular individual being treated.  

Also, such optimum conditions may be determined by known techniques.  

In many instances, it may be desirable to have several or multiple administrations of 

a medicament of present disclosure. For example, medicaments of the disclosure may be 

15 administered 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more times. The administrations may be from 

about one to about twelve week intervals, and in certain embodiments from about one to 

about four week intervals. Periodic re-administration may be desirable in the case of 

recurrent exposure to a particular pathogen targeted by a medicament of the disclosure.  

Medicaments according to the present disclosure may be administered as an adjunct 

20 to a primary therapy for the disease or condition. Accordingly, a medicament according to 

the present disclosure may be an "adjunct medicament".  

It may also be apparent to one of ordinary skill in the art that the optimal course of 

treatment may be ascertained using conventional course of treatment determination tests.  

It will be appreciated by persons of ordinary skill in the art that numerous variations 

25 and/or modifications may be made to the present disclosure as disclosed in the 

embodiments provided herein without departing from the spirit or scope of the present 

disclosure as broadly described. The present embodiments are, therefore, to be considered 

as illustrative and not restrictive.  

30 Examples 

The present disclosure will now be described with reference to specific example(s), 

which should not be construed as in any way limiting.
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Example 1. Effect of different anticoagulants (heparin and EDTA) on RBC and 

RBC ghost uptake during culture up to 18 hours 

To determine if the presence of anticoagulants alter the capacity for protein binding 

to red blood cells, these cells were incubated in plasma with or without heparin or EDTA.  

5 Whole blood from healthy volunteers was collected into EDTA vacutainers (3 mg/mL).  

Plasma was collected from blood collected into hepain and citrate vacutainers. RBCs 

were isolated from anticoagulated whole blood using dextran sedimentation (6 % dextran, 

I hour, room temperature) and were washed twice in phosphate buffered saline (PBS).  

RBC ghosts were isolated by lysing the RBCs in hypotonic water for 5 minutes with the 

10 inclusion of protease inhibitors (Roche cOmplete protease inhibitor cocktail). The ghosts 

were then isolated by centrifugation (16,000 g, 20 minutes) and were resuspended in PBS.  

Following isolation, 10 million RBCs (or ghost of 10 million RBCs) were resuspended in 

either PBS or plasma with the addition of heparin (17 IU/mL or 1700 IU/mL) or EDTA 

(30 mg/mL). The red blood cells or ghosts were then cultured for 0, 1, or 18 hours at 

is 37 °C. As controls, EDTA plasma containing heparin or EDTA were culture under the 

same conditions. Following incubation, the cell free supernatants was collected and stored 

at -80 °C. Prior to analysis, samples were subjected to x3 freeze-thaw cycles. MIF 

concentration of the samples was quantified using a MIF ELISA. After 18 hours in 

culture, MIF levels in plasma alone had increased by approximately 50 % and the levels 

20 of MIF in the plasma of the red blood cell samples containing red blood cells decreased 

indicating that the MIF had bound to the intact cells (FIG. 1). RBC ghosts were also able 

to bind MIF, thus indicating that intact cells are not needed for this binding activity (FIG.  

1). Addition of EDTA to the cell suspensions resulted in substantially less MIF in the 

RBC lysates and ghosts 'lysates' than heparin treatment (FIG. 2). These results indicate 

25 that the addition of anticoagulants to red blood cell cultures may affect the amount of 

protein in the cells and the capacity to bind more protein.  

Example 2. Effect of different anticoagulants (heparin, EDTA, and citrate) at the 

time of blood collection on the binding capcity of red blood cells 

30 To determine if the anticoagulant used at the time of blood collection altered the 

capacity for protein binding to red blood cells, whole blood was collected into a variety of 

collection tubes containing anticoagulants. Whole blood from healthy volunteers was 

collected into either heparin vacutainers, EDTA vacutainers, or sodium citrate 

vacutainers. An aliquot of blood was collected without any anticoagulant, and coagulation
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was prevented by immediate dilution in PBS and cell washing. Following collection, 

RBCs were isolated from whole blood using dextran sedimentation (6 % dextran, I hour, 

room temperature) and were washed twice in PBS. These RBCs were then resuspended in 

PBS (100 million cells/mL) and in the presence or absence of recombinant MIF (5 ng per 

5 test). This cell suspension was incubated for up to 24 hours (37 °C, 5 % C0 2). Following 

incubation, the cell free supernatants was collected and stored at -80 °C. Prior to analysis, 

samples were subjected to x2 freeze-thaw cycles. MIF concentration of the samples was 

quantified using a MIF ELISA. The addition of recombinant MIF (rMIF) to the cell 

suspensions altered the final concentration of MIF in the supernatant after 24 hours. In all 

10 but the heparin treated RBCs, the final concentration of MIF after rMIF incubation was 

lower than the control (FIG. 3). This demonstrates that either the addition of rMIF slowed 

overall secretion of endogenous MIF, or that the addition of rMIF increased the rate of 

MIF uptake, or that the rMIF accelerated protease activity and thus MIF degradation. The 

anticoagulants had a clear effect on the amount of MIF that was sequestered by the RBCs.  

15 

Example 3: Effect of culturing RBCs in the presence of recombinant proteins 

(BioPlex standards) 

Addition of recombinant MIF to RBCs in culture results in a much lower yield of 

MIF in the secretome than would be expected. To investigate if the same will be seen 

20 with the addition of other recombinant proteins (in the form of BioPlex standards), RBCs 

were incubated in the presence of a cocktail of recombinant protein. Whole blood was 

collected from healthy volunteers into EDTA vacutainers. RBCs were isolated using 

dextran sedimentation (6 % dextran, I hour, room temperature). After sedimentation, 

RBCs were washed once in PBS, and then 20 million RBCs were resuspened in t00 pL 

25 PBS or 100 pL PBS containing protease inhibitors, with or without the addition of 

recombinant cytokines (BioPlex standards, 25 pL, standard 3). These cell suspensions 

were then incubated for 24 hours (37 °C, 5 % CO2). Following incubation, the supernanat 

and the cells were separated by centrifugation, and each component were from at -80 °C 

The samples were subjected to 3 freeze-thaw cycles to ensure complete cellular 

30 lysis. Following lysis, the red blood cell lysates were diluted in PBS to the equivalent of 

400 million cells/mL. These lysates were then analysed on the multiplex cytokine assays.  

Two multiplex assays were utilised. The first was the 27-plex human cytokine panel that 

assays for FGF basic, Eotaxin, G-CSF, GM-CSF, IFN-y, IL-1, IL-Ira, IL-2, IL-4, IL-5, 

IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL-17, IP-10, MCP-1, MIP-la,
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MIP-1, PDGF-BB, RANTES, TNF-a, and VEGF, and the second was the 21-plex 

human cytokine panel that assays for IL-la, IL-2Ra, IL-3, IL-12, IL-16, IL-18, CTACK, 

GRO-a, HGF, IFN-a2, LIF, MCP-3, M-CSF, MIF, MIG, D-NGF, SCF, SCGF-P, SDF-la, 

TNF-, TRAIL (Bio-Plex Pro 27-plex and 21-plex, Bio-Rad). The assays were performed 

5 according to manufacturer's instructions using an automated magnetic wash station 

(BioPlex Pro II, Bio-Rad) for the washing steps. The assays were run on the Luminex@ 

200m system (Bio-Rad) and fluorescent values were collected. The calibration curve for 

each cytokine was analysed with 5 parametric logistic curve regression using BioPlex 

manager software (ver. 5.0, Bio-Rad, USA).  

10 A number of proteins were released from RBCs cultured in PBS for 24 hours at 

37 °C. See FIG. 4A-FIG. 8D for protein classification as anti-inflammatory, pro

inflammatory, chemokines, or growth factors. The concentration of some cytokines in 

RBC lysates increased significantly (p < 0.05) after incubation with recombinant proteins 

including IL-la, IL-12p70, and TRAIL. Addition of protease inhibitors also had an effect 

is on the amount of protein that was bound by the red blood cells particularly for IL-18, 

CTACK and SDF-la (FIG. 9A-FIG. 13D). The total measured cytokines for both the cell 

free supernatant and the cell lysates are outlined in FIG. 14A-FIG. 18D. The total 

concentration of cytokines was reduced for a number of proteins with the inclusion of 

protease inhibitors, such as for IL-8, IL-10, and GRO-a (FIG. 14A-FIG. 18D). Protease 

20 inhibitors have an effect on the secretion profile of RBCs. In many cases, the use of 

protease inhibitors results in a smaller standard deviation. The protease inhibitors may be 

targeting specific cell type or population of RBCs (i.e. older RBCs), thus reducing 

variability in the samples.  

25 Example 4. Effect of culturing MSCs in the presence of RBCs or RBC derivatives 

RBCs (and RBC derivatives) contain large concentrations of cytokines. In vivo 

RBCs and mesenchymal stem cells (MSCs) are frequently in contact, particularly in 

situations such as wound healing where a number of cells are present and are signaling. In 

a simplified model of this RBCs (and RBC derivatives) were incubated with MSCs and 

30 the secretion profile was assessed. Primary MSCs were cultured to confluence at passage 

2 and were trypsonised were seeded into T25 flasks (10,000 cells per mL) in culture 

media (DMEM + 10 % FBS). These cells were incubated for 3 days (37 °C, 5 % C0 2) 

after which the media was replaced and RBCs, washed RBCs, or RBC ghosts (500 

million cells per condition) were added to the relevant flasks. To prepare the red blood



WO 2017/106899 PCT/AU2016/000404 

45 

cells, whole blood was collected into EDTA vacutainers. RBCs were isolated by dextran 

sedimentation (6 % dextran, 60 minutes, room temperature). Following sedimentation, the 

RBCs were washed once in PBS. To produce 'washed RBCs', the isolated RBCs were 

washed twice more in PBS by excessively shaking the cell suspension and centrifuging 

5 the cells. RBC ghosts were isolated by lying the RBCs in hypotonic water for 5 minutes.  

The ghosts were then isolated by centrifugation (16,000g, minutes) and were 

resuspended in PBS.  

The MSCs were primed or treated with either nothing, intact RBCs, washed RBCs, 

or with RBC ghosts. These were then incubated for 72 hours (37 °C, 5 % CO). After 

10 incubation, the conditioned media and the RBCs or RBC ghosts were separated by 

centrifugation. The MSCs were trypsonised and the MSCs and RBCs were counted using 

flow cytometry and a haemotology analyser respectively. The conditioned media and 

RBCs were frozen at -80 °C, and samples were subjected to 3x freeze/thaw cycles to lyse 

all the cells.  

is The samples were subjected to 3 freeze-thaw cycles to ensure complete cellular 

lysis. Following lysis, the red blood cell lysates were diluted in PBS to the equivalent of 

400 million cells/mL. These lysates were then analysed on the multiplex cytokine assays.  

Two multiplex assays were utilised. The first was the 27-plex human cytokine panel that 

assays for FGF basic, Eotaxin, G-CSF, GM-CSF, IFN-y, IL-1p, IL-Ira, IL-2, IL-4, IL-5, 

20 IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL-17, IP-10, MCP-1, MIP-la, 

MIP-1p, PDGF-BB, RANTES, TNF-a, and VEGF, and the second was the 21-plex 

human cytokine panel that assays for IL-la, IL-2Ra, IL-3, IL-12, IL-16, IL-18, CTACK, 

GRO-a, HGF, IFN-a2, LIF, MCP-3, M-CSF, MIF, MIG, P-NGF, SCF, SCGF-P, SDF-la, 

TNF-P, TRAIL (Bio-Plex Pro 27-plex and 21-plex, Bio-Rad). The assays were performed 

25 according to manufacturer's instructions using an automated magnetic wash station 

(BioPlex Pro 1, Bio-Rad) for the washing steps. The assays were run on the Luminex) 

2001 system (Bio-Rad) and fluorescent values were collected. The calibration curve for 

each cytokine was analysed with 5 parametric logistic curve regression using BioPlex 

manager software (ver. 5.0, Bio-Rad, USA).  

30 The secretion profile of the MSCs changed notably with the addition of RBCs. Less 

of a change was observed with the washed RBCs and the ghosts. The concentration of a 

number of cytokines increased in the RBC lysate after culture, indicating that the cells 

bound some of the extracellular cytokines, particularly IL-8 and IL-6 (FIG. 19A- FIG.  

23D). Cell counts differed according to the culture conditions. MSCs cultured with RBCs
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had the highest yield of MSCs after culture. Similarly, after culture, there was a higher 

yield of RBCs that the washed RBCs (Table 2). Incubation with intacts RBCs had a 

major effect on the secretion profile and proliferation of MSCs, and the RBCs sequestered 

a proportion of certain cytokines (i.e. IL-8), this may be part of a RBC cytokine buffering 

5 system.  

Table 2. Cell count and viaility of MSCs afier culture with or without RBC (or RBC 

derivatives) as measured byflow cytometrvfbr the VSCs and the hematology analyser for 

the RBCs (n = 1).  
MSCs RBCs 

Conditions 
Av. Viability (%1) Total # 

MSCs 99 241,000 

MSCs + RBCs 98.7 338,000 483,000,000 

MSCs + washed RBCs 98.3 317,000 435,000,000 

MSCs + ghosts 99.7 312,000

10 

Example 5. Effect of shear force on RBCs 

RBCs are constantly subjected to shear forces in vivo when travelling from venous 

circulation into capillary beds. The release of proteins from RBCs or whole blood (WB) 

in response to mechanical stress was tested. Whole blood was collected from healthy 

is volunteers into EDTA vacutainers. RBCs were then isolated by dextran sedimentation 

(6 % dextran, I hour, room temperature). Following sedimentation, the isolated RBCs 

were washed once in PBS and were resuspended in PBS to achieve a 40 % haenatocrit.  

An aliquot of the WB or RBCs were then subjected to mechanical stress by adding 

500 pL of the blood sample to a I mL insulin syringe with a 29 gauge needle. Using a 

20 weight, the blood was slowly forced out of the needle and was collected at the bottom.  

The WB or RBCs were either analysed immediately (fresh), after I hour at room 

temperature (fresh + t hr) or were freeze-thawed to lyse all of the cells (frozen) before 

analysis. All blood samples were run on the iChroma machine with the hsCRP kits 

according to the manufacturer's instructions.  

25 Mechanical stress did have an effect on the overall levels of CRP (Table 3), 

suggesting that CRP was unbound or produced immediately after stress. Of note, I hour 

after the mechanical stress, the levels of CRP dropped in the WB sample from 0.95 mg/L
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to 0.21 mg/L, but did not change in the control (unstressed) sample. This suggests that 

enzymes may have been activated causing degradation of CRP. RBC lysis did not appear 

to have occurred after being pushing through the needle.  

In this instance, the RBCs do not appear to be the major contributor of CRP in WB.  

5 The distribution of CRP in blood appears to vary day to day. The levels of CRP increased 

immediately after mechanical stress. This suggests that the CRP was unboung or was 

produced immediately, which enabled detection by the antibody.  

Table 3. CRP levels (mg/L) in whole blood (WB) and red blood cells (RBCs) with and 

10 without mechanical stress stimuli (needle). CRP levels were measured nsing hsCRP kits 

on the iChroma instrument.  

Sample type Collection [CRP] mg/L Adjusted [CRP] 

details mg/L 

(fresh) 0.76 0."76 

W1TB (frozen) Subject 1 0.80 0.80 

(fresh) + 1hr 0.88 0.88 

WB (fresh) 0.95 0.95 

(frozen) Subject 1 0.98 0.98 
(needle) (rzn 

(fresh) + 1hr 0.21 0.21 

(fresh) <0.1 <0.1 
RB3Cs Subject 1 

(frozen) <0.1 <0.1 

RBCs (fresh) Subject 1 0.11 0.11 

(needle) (frozen) <0.1 <0.1 

Example 6. Effect of hypoxia on RBC and RBC ghost activity 

15 Blood is a highly oxygenated environment and changes in oxygen content is likely 

to have secondary effects on protein content. In order to test if the MIF concentration of 

RBCs is affected by altered oxygen conditions, RBCs were incubated in hypoxic PBS.  

Hypoxic PBS was produced by incubating PBS in a nitrogen chamber for > 18 hours (5 % 

CO2, 3 % 02, 92 N). Whole blood was collected from healthy volunteers into EDTA 

20 vacuatiners. RBCs were then isolated by dextran sedimentation (6 % dextran, I hour, 

room temperature). Following sedimentation, the isolated RBCs were washed twice in
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PBS. RBC ghosts were isolated by lysed the RBCs in hypotonic water for 5 minutes. The 

ghosts were then isolated by centrifugation (16,000 g, 20 minutes). The intact RBCs or 

RBC ghosts (10 million) were added to hypoxic PBS or normoxic PBS (100 pL) in 

Eppendorf tubes with 17 IU/mL of heparin. These tubes were then completely sealed and 

5 the cell suspensions were incubated for I hour or 18 hours (37 °C). Following incubation, 

the conditioned PBS was collected and stored at -80 °C and was subjected to x3 freeze

thaw cycles. The RBCs or RBC ghosts 'primed' under hypoxic conditions were then 

added to autologous plasma and were then incubated for a further I or 18 hours (37 C).  

Following this incubation, the supernatant (conditioned plasma) was collected and stored 

10 at -80 °C and was subjected to x3 freeze-thaw cycles.  

Hypoxia noticeably decreased MIF release from RBCs, but did not seem to affect 

release of MIF from RBC ghosts (Table 4). This supports that protein release is somehow 

linked to oxygen content. The concentration of MIF in RBC lysates incubated under 

hypoxic conditions was much lower than the RBC control (0 hours), it is likely that 

15 protein degradation was occurring during culture (Table 5).  

Hypoxia had an effect on the released MIF levels from RBCs and the intracellular 

MIF concentration. It is possible that protein degradation occurred as a result of the 

hypoxic environment (Table 5). IF the opposite is true (hyper-oxidataive environment), it 

may be a way to modulate protein levels and binding to RBCs.  

20 

Table 4. MIF release from RBCs and ghosts incubated in PBS or hypoxic PBS Jbr 18 

hours with heparin (17 IU/mL), (n - 1).  

Sample MIF (ng/mL) 

PBS RBCs 14.95 

Irypoxic PBS RBCs 5.87 

PBS Ghosts 16.01 

Hypoxic PBS Ghosts 15.40 

25 

Table 5. RBC lysate and RBC ghost 'lysate' incubated in PBS or hypoxic PBS for 18 

hours with heparin (17 IU/mi.), (n = 1).
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Sample MIF (ng/mL) 

lypoxic PBS RBCs 10,147 

RBCs - 0 hrs 17,658 

Hypoxic PBS Ghosts 678 

Example 7. Identification of proteins released or secreted from RBCs over time 

A number of proteins have been identified in RBC lysates. To investigate if RBCs 

5 may also secrete these proteins, RBCs were incubated overnight in PBS and the 

conditioned media was analysed. Analysis of the secretome negates possible issues with 

haemolgobin that is present in RBC lysates. Whole blood was collected from healthy 

volunteers into EDTA vacutainers. RBCs were then isolated by dextran sedimentation 

(6 % dextran, I hour, room temperature). Following sedimentation, the isolated RBCs 

10 were washed twice in PBS. Isolated RBCs were aliquoted to 20 million cells in 100 IL of 

PBS with or without protease inhibitors. These cell suspensions were then incubated at 

for 24 hours (37 °C, 5 % CO2). After incubation, the conditioned media and the cells were 

separated by centrifugation. These samples were then frozen at -80 °C and the samples 

were subjected to 3x freeze/thaw cycles to ensure complete cellular lysis. Following lysis, 

15 the red blood cell lysates and conditioned media samples were diluted in PBS to the 

equivalent of 400 million cells/mL. These samples were then analysed on the multiplex 

cytokine assays. Two multiplex assays were utilised. The first was the 27-plex human 

cytokine panel that assays for FGF basic, Eotaxin, G-CSF, GM-CSF, IFN-7, IL-f, IL

Ira, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL-17, IP

20 10, MCP-1, MIP-la, MIP-1 , PDGF-BB, RANTES, TNF-a, and VEGF, and the second 

was the 21-plex human cytokine panel that assays for IL-a, IL-2Ra, IL-3, IL-12, IL-16, 

IL-18, CTACK, GRO-a, HGF, IFN-a2, LIF, MCP-3, M-CSF, MIF, MIG, p-NGF, SCF, 

SCGF-P, SDF-la, TNF-P, TRAIL (Bio-Plex Pro 27-plex and 21-plex, Bio-Rad). The 

assays were performed according to manufacturer's instructions using an automated 

25 magnetic wash station (BioPlex Pro II, Bio-Rad) for the washing steps. The assays were 

run on the Luminex( 200 system (Bio-Rad) and fluorescent values were collected. The 

calibration curve for each cytokine was analysed with 5 parametric logistic curve 

regression using BioPlex manager software (ver. 5.0, Bio-Rad, USA).  

A number of proteins were released or secreted after the RBCs were incubated in 

30 PBS for 24 hours (FIG. 24A-FIG. 27). FIG. 24A- FIG. 27 are separated according to the
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mean detected concentration of each protein. The addition of protease inhbitors during 

RBC culture also altered protein release. Inclusion of protease inhibtiors in the cell 

suspensions typically resulted in lower detectable concentrations in both the conditioned 

media and the cell lysate, although there were some exceptions such as MIP-P (FIG.  

5 28A- FIG. 42D). The inclusion of protease inhibitors also reduced the biological 

variation between biological replicates in the concentration of cytokines.  

Example 8. Modulation of protease inhibitor effect 

The inclusion of protease inhibitors to a blood sample during storage at 37 °C alters 

10 the secretion profile of RBCs. In order to test if this activity was irreversible, the protease 

inhibitors were washed off RBCs after incubation for 24 hours and the cells were 

incubated for a further 24 hours to monitor differences in the cytokine profile of the 

resulting conditioned media. Whole blood was collected from healthy volunteers into 

EDTA vacutainers. RBCs were isolated by dextran sedimentation (6 % dextran, I hour, 

is room temperature). Following sedimentation, the isolated RBCs were washed twice in 

PBS. Isolated RBCs were in aliquots of 20 million cells in PBS or PBS with protease 

inhibitors (100 pL) as outlined in Table 5. The cell suspensions were then incubated for 

24 hours (37 °C, 5 % C0 2). After incubation, the supernatant and the cells were separated 

by centrifugation and the supernant was collected and frozen at -80 °C. The remaining 

20 cells were washed twice in PBS and were then resuspended in an aliquot of fresh PBS or 

PBS with protease inhibitors (100 pL) as outlined in Table 5. These cell suspensions 

were then incubation for an additional 24 hours (37 °C, 5 % C0 2 ). After incubation, the 

cells and supernatant were separated by centrifugation, and these sampels were frozen at 

80 °C and were subjected to 3x freeze/thaw cycles to ensure complete lysis.  

25 The samples were then analysed on the multiplex cytokine assays. Two multiplex 

assays were utilised. The first was the 27-plex human cytokine panel that assays for FGF 

basic, Eotaxin, G-CSF, GM-CSF, IFN-y, IL-1p, IL-Ira, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, 

IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL-17, IP-10, MCP-1, MIP-la, MIP-, PDGF

BB, RANTES, TNF-a, and VEGF, and the second was the 21-plex human cytokine panel 

30 that assays for IL-la, IL-2Ra, IL-3, IL-12, IL-16, IL-18, CTACK, GRO-a, HGF, IFN-a2, 

LIF, MCP-3, M-CSF, MIF, MIG, p-NGF, SCF, SCGF-, SDF-la, TNF-B, TRAIL (Bio

Plex Pro 27-plex and 21-plex, Bio-Rad). The assays were performed according to 

manufacturer's instructions using an automated magnetic wash station (BioPlex Pro II, 

Bio-Rad) for the washing steps. The assays were run on the Luminex@ 2 0 0 r4 system
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(Blo-Rad) and fluorescent values were collected. The calibration curve for each cytokine 

was analysed with 5 parametric logistic curve regression using BioPlex manager software 

(ver. 5.0, Bio-Rad, USA).  

5 Example 9. Red blood cell secretions after priming with various cell types 

Whole blood was collected from healthy volunteers (n = 1). Blood was collected 

from each volunteer by venepuncture (n > 3) directly into EDTA vacutainers (kEDTA 

vacutainers, BD Biosciences). All fractions of blood were collected and processed at 

room temperature within 4 hours of collection.  

10 The red blood cells were isolated using dextran sedimentation as follows. Whole 

blood was centrifuged (1500 g, 10 minutes) and the upper plasma layer was discarded.  

The remaining cell pellet was resuspended in an equal volume of sodium chloride 

(0.15 M). Dextran (6 % w/v in 0.15 M sodium chloride) was then added to this cellular 

suspension at a 1:4 ratio (dextran : cell suspension). This solution was left at room 

is temperature for 30 minutes for red blood cell sedimentation to the bottom of the tube.  

After this time the upper white blood cell rich layer was discarded and the lower red 

blood cell fraction was isolated. The red blood cell fraction was washed twice in 

phosphate buffered saline (PBS, 500 g, 5 minutes) and the remaining red blood cell pellet 

was counted (Coulter Act Diff, Beckman Coulter) and then used for priming experiments.  

20 Cells representing neutral tissues such as endothelial (HUVEC), primary fibroblast, 

renal cells (HEK-293) were chosen along with representative cancer cell lines from bowel 

cancer (HT-29) and melanoma (MEWO). Cell lines were expanded in culture media 

consisting of (DMEM with 10 % FBS and I % antibiotic-antimycotic, v/v) at 37 °C and 

5 % CO 2 . Cells were passaged twice a week when the cells reached confluence. Cells 

25 were counted using a haemocytometer and viability was determined with trypan blue 

staining.  

For co-culture experiments, cells were seeded into T75 flasks at a concentration of 

0.1 x 106 cells per mL of culture media and were incubated for 24 hours to ensure plate 

adherence (37 °C, 5 % C02 ). After incubation, the conditions as outlined in Table 6 were 

30 prepared using freshly isolated red blood cells. For co-culture with red blood cells the 

total volume of culture media in T75 flasks was 18 mL.
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Table 6. Co-culture conditions Jr all representative cell lines and red blood cells 

(RBCs) at a ratio of1:100 at 3 7 °C, 5 % C02.fbr 72 hours.  

Flask Cells Red blood cell 
Condition Label 

size seeded number 

Cells:RBCs (1:100) Primed T75 2 x 106 200 x 106 

RBCs Unprimed T75 - 200 x 106 

Cells were then incubated for 72 hours at 37 °C with 5 % CO2 . Following incubation, the 

5 red blood cells were isolated by centrifugation out of the conditioned media (500 g, 

10 minutes). Any remaining particulates in the conditioned media were removed by 

centrifugation(2000 g, 10 minutes) after which it was stored at -80 °C. The red blood 

cells were washed once with PBS and counted using a haematology analyser (Coulter Act 

Diff, Beckman Coulter).  

10 The red blood cells were then diluted in PBS to the equivalent of 400 million 

cells/mL. The red blood cells were next incubated in PBS for 24 hours, at 37 °C and 5 % 

CO2. After the incubation, the red blood cells were removed by centrifugation (500 g, 

10 minutes) and the supernatants containing the red blood cell secretions were retained 

and analysed. Two multiplex assays were utilised: the 27-plex human cytokine panel that 

is assays for FGF basic, Eotaxin, G-CSF, GM-CSF, IFN-y, IL-1 , IL-Ira, IL-2, IL-4, IL-5, 

IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL-17, IP-10, MCP-1, MIP-la, 

MIP-1 , PDGF-BB, RANTES, TNF-a, and VEGF, and the 21-plex human cytokine panel 

that assays for IL-la, IL-2Ra, IL-3, IL-12, IL-16, IL-18, CTACK, GRO-a, HGF, IFN-a2, 

LIF, MCP-3, M-CSF, MIF, MIG, -NGF, SCF, SCGF-, SDF-la, TNF-f, TRAIL (Bio

20 Plex Pro 27-plex and 21-plex, Bio-Rad). The assays were performed according to 

manufacturer's instructions using an automated magnetic wash station (BioPlex Pro II, 

Bio-Rad) for the washing steps. The assays were run on the Luminex< 200m system 

(Bio-Rad) and fluorescent values were collected. The calibration curve for each cytokine 

was analysed with 5 parametric logistic curve regression using BioPlex manager software 

25 (ver. 5.0, Bio-Rad, USA).  

As shown in FIG. 43A-43VV, the cytokines released or secreted by red blood cells 

were altered by the 'priming' process which, in this instance, was co-culture with a 

number of different cell lines. The red blood cell secretion profiles were not only changed 

after priming, but also each cell type differentially primed the red blood cells with
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different concentrations of cytokines. For example priming RBCs with HEK cells 

produced considerable increases in cytokines such as IP-10, VEGF, FGF-basic, MCP-l 

and CTACK. In contrast, priming the RBCs with primary fibroblasts resulted in large 

increases in GROa and MCP-3. These results demonstrated that the red blood cell 

5 cytokine secretion profile was subject to change depending on its environment. In 

addition the data showed that different cell types were able to produce primed red blood 

cells with significantly different cytokine profiles.  

Example 10. Red blood cell secretions after priming with immortalised human T 

10 lymphocytes (Jurkat cells) in suspension.  

Whole blood was collected from healthy volunteers (n = 1). Blood was collected 

from each volunteer by venepuncture (n > 3) directly into EDTA vacutainers (kEDTA 

vacutainers, BD Biosciences). All fractions of blood were collected and processed at 

room temperature within 4 hours of collection.  

is The red blood cells were isolated using dextran sedimentation as follows. Whole 

blood was centrifuged (1500 g, 10 minutes) and the upper plasma layer was discarded.  

The remaining cell pellet was resuspended in an equal volume of sodium chloride 

(0.15 M). Dextran (6 % w/v in 0.15 M sodium chloride) was then added to the cellular 

suspension at a 1:4 ratio (dextran : cell suspension). This solution was left at room 

20 temperature for 30 minutes for red blood cell sedimentation to the bottom of the tube.  

After this time, the upper white blood cell rich layer was discarded and the lower red 

blood cell fraction was isolated. The red blood cell fraction was washed twice in 

phosphate buffered saline (PBS, 500 g, 5 minutes) and the remaining red blood cell pellet 

was counted (Coulter Act Diff, Beckman Coulter) and then used for priming experiments.  

25 Jurkat cells were expanded in culture media (RPMI with 10% FBS and I % 

antibiotic-antimycotic, /v) at 37 °C and 5 % CO2. Cells were passaged twice a week and 

were counted using a haemocytometer; viability was determined with trypan blue 

staining.  

For co-culture experiments, Jurkat cells were seeded into T75 flasks at a concentration of 

30 0.1 x 106 cells per mL of culture media and were incubated for 24 hours to ensure plate 

adherence (37 °C, 5 % C02 ). After incubation, the conditions as outlined in Table 7 were 

prepared using freshly isolated red blood cells. For co-culture with red blood cells, the 

total volume of culture media in T75 flasks was 18 mL.



WO 2017/106899 PCT/AU2016/000404 

54 

Table 7. Co-culture conditions fbrJurkat cells and red blood cells (RBCs) at a ratio of 
1:100 at 3 7 OC, 5 % CO2 for 72 hours.  

Jurkat 
Flask Red blood cell 

Condition Label cells 
size number 

seeded 

Jurkat cells:RBCs (1:100) Primed T75 2 x 10" 200 x 106 

RBCs Unprimed T75 - 200 x 106 

Cells were then incubated for 72 hours at 37 °C with 5 % CO2. Following incubation, the 

5 red blood cells were isolated by centrifugation out of the conditioned media (500 g, 

10 minutes). Any remaining particulates in the conditioned media were removed by 

centrifugation (2000 g, 10 minutes) after which it was stored at -80 C. The red blood 

cells were the separated from the Jurkat cells using Ficoll density separation according to 

the manufacturer's instructions. The red blood cell fraction was washed once with PBS 

o and counted using a haematology analyser (Coulter Act Diff, Beckman Coulter).  

The red blood cells were then diluted in PBS to the equivalent of 400 million 

cells/mL. The red blood cells were then incubated in PBS for 24 hours, at 37 °C and 5 % 

CO2. After the incubation, the red blood cells were removed by centrifugation (500 g, 

10 minutes) and the supernatants containing the red blood cell secretions were retained 

is and analysed. Two multiplex assays were utilised. The 27-plex human cytokine panel 

that assays for FGF basic, Eotaxin, G-CSF, GM-CSF, IFN-y, IL-11, IL-Ira, IL-2, IL-4, 

IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL-17, IP-10, MCP-1, MIP

la, MIP-1[, PDGF-BB, RANTES, TNF-a, and VEGF, and the 21-plex human cytokine 

panel that assays for IL-la, IL-2Ra, IL-3, IL-12, IL-16, IL-18, CTACK, GRO-a, HGF, 

20 IFN-a2, LIF, MCP-3, M-CSF, MIF, MIG, -NGF, SCF, SCGF-P, SDF-la, TNF-, 

TRAIL (Bio-Plex Pro 27-plex and 21-plex, Bio-Rad). The assays were performed 

according to manufacturer's instructions using an automated magnetic wash station 

(BioPlex Pro II, Bio-Rad) for the washing steps. The assays were run on the Luminex@] 

2 00 ' FMsystem (Bio-Rad) and fluorescent values were collected. The calibration curve for 

25 each cytokine was analysed with 5 parametric logistic curve regression using BioPlex 

manager software (ver. 5.0, Bio-Rad, USA).  

As shown in FIG. 44A-44V, the cytokines released or secreted by red blood cells 

were altered by the 'priming' process, which in this instance was co-culture with Jurkat 

cells (an immortalised T lymphocyte cell line). The red blood cell secretion concentration
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of proteins such as IFN-a2, MIF, SCGF-b were all increased markedly following co

culture priming. Whilst the levels of proteins such as GROa, CTACK, IL-8, TNF-a, 

RANTES, and IL6 all decreased measurably following co-culture priming. These results 

demonstrated that this priming effect may occur in various culturing conditions, and with 

5 non-adherent cells.  

Example 11. Red blood cells following priming with Mesenchymal stem cells 

(MSCs).  

11.1. RBC membranes 

10 Whole blood was collected from healthy volunteers (n > 3). Blood was collected 

from each volunteer by venepuncture (n > 3) directly into EDTA vacutainers (kEDTA 

vacutainers, BD Biosciences). All fractions of blood were collected and processed at 

room temperature within 4 hours of collection.  

The red blood cells were isolated using dextran sedimentation as follows. Whole 

is blood was centrifuged (1500 g, 10 minutes) and the upper plasma layer was discarded.  

The remaining cell pellet was resuspended in an equal volume of sodium chloride 

(0.15 M). Dextran (6 % w/v in 0.15 M sodium chloride) was then added to this cellular 

suspension at a 1:4 ratio (dextran : cell suspension). This solution was left at room 

temperature for 30 minutes for red blood cell sedimentation to the bottom of the tube.  

20 After this time the upper white blood cell rich layer was discarded and the lower red 

blood cell fraction was isolated. The red blood cell fraction was washed twice in 

phosphate buffered saline (PBS, 500 g, 5 minutes) and the remaining red blood cell pellet 

was counted (Coulter Act Diff, Beckman Coulter) and then suspended in ddH20 to lyse 

the cells. This solution was vortexed and then centrifuged (15000 g, 20 minutes) to pellet 

25 the membranes. This process was repeated and the resulting pellet was resuspended in 

PBS and used for priming experiments.  

MSCs were expanded in culture media (DMEM with 10 % FBS and I % antibiotic

antimycotic, v/v) at 37 °C and 5 % CO 2 . Cells were passaged twice a week when the cells 

reached confluence. Cells were counted using a haemocytometer and viability was 

30 determined with trypan blue staining.  

For co-culture experiments, MSCs were seeded into T75 flasks at a concentration of 

0.1 x 10 c ells per mL of culture media and were incubated for 24 hours to ensure plate 

adherence (37 °C, 5 % C02 ). After incubation, the conditions as outlined in Table 8 were
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prepared using freshly isolated red blood cells. For co-culture with red blood cells the 

total volume of culture media in T75 flasks was 18 mL.  

Table 8. Co-culture conditions Jor MSs and red blood cells membranes at a ratio of 
1:100 at 3 7 OC, 5 % CO2 r72hours.  

Equivalent 

Flask MSCs RBC 
Condition Label 

size seeded membrane 

number 

MSCs:RBC membranes Primed T75 2x 106 200 x 106 

(1:100) 

RBCs Unprimed T75 - 200 x 106 

5 

Cells were then incubated for 72 hours at 37 °C with 5 % CO2. Following incubation, the 

red blood cell membranes were isolated by centrifugation out of the conditioned media 

(15000g, 20minutes). Any remaining particulates in the conditioned media were 

removed by centrifugation (2000 g, 10 minutes) after which it was stored at -80 °C. The 

10 red blood cell membranes were washed once with PBS (15000 g, 20 minutes).  

The red blood cell membranes were then diluted (based on the original number of 

red blood cells used) in PBS to the equivalent of the membranes from 400 million 

cells/mL. The primed and unprimed red blood cell membranes were subjected to 3 freeze

thaw cycles to ensure complete lysis. These lysates were then analysed on the multiplex 

is cytokine assays. Two multiplex assays were utilised. The first was the 27-plex human 

cytokine panel that assays for FGF basic, Eotaxin, G-CSF, GM-CSF, IFN-y, IL-I , IL

Ira, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL-17, IP

10, MCP-1, MIP-Ia, MIP- I, PDGF-BB, RANTES, TNF-a, and VEGF, and the second 

was the 21-plex human cytokine panel that assays for IL-la, IL-2Ra, IL-3, IL-12, IL-16, 

20 IL-18, CTACK, GRO-a, HGF, IFN-a2, LIF, MCP-3, M-CSF, MIF, MIG, p-NGF, SCF, 

SCGF-, SDF-la, TNF-P, TRAIL (Bio-Plex Pro 27-plex and 21-plex, Bio-Rad). The 

assays were performed according to manufacturer's instructions using an automated 

magnetic wash station (BioPlex Pro II, Bio-Rad) for the washing steps. The assays were 

run on the Luminex@, 2 0 0 'm system (Bio-Rad) and fluorescent values were collected. The 

25 calibration curve for each cytokine was analysed with 5 parametric logistic curve 

regression using BioPlex manager software (ver. 5.0, Bio-Rad, USA).
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As shown in FIG. 45A-45VV, the cytokine profile of the red blood cell membranes 

was altered by the 'priming' process, which in this instance was co-culture with 

mesenchymal stem cells (MSCs). The red blood cell membrane concentration of IL-8, 

was significantly increased following co-culture priming. Whilst the levels of a few 

5 proteins such as FGF-basic and SDF-la decreased significantly following co-culture 

priming. The results demonstrated that the cytokine profile of red blood cell membranes 

were subject to change depending on their environment. None of the cytokines were 

significantly different after priming in the whole red blood cell lysis experiment, 

indicating that the membrane has different cytokine binding properties to the red blood 

10 cell as a whole.  

11.2 RBC membrane secretions 

Whole blood was collected from healthy volunteers (n+3). Blood was collected 

from each volunteer by venepuncture (n > 3) directly into EDTA vacutainers (k2EDTA 

vacutainers, BD Biosciences). All fractions of blood were collected and processed at 

is room temperature within 4 hours of collection.  

The red blood cells were isolated using dextran sedimentation as follows. Whole 

blood was centrifuged (1500 g, 10 minutes) and the upper plasma layer was discarded.  

The remaining cell pellet was resuspended in an equal volume of sodium chloride 

(0.15 M). Dextran (6 % w/v in 0.15 M sodium chloride) was then added to this cellular 

20 suspension at a 1:4 ratio (dextran : cell suspension). This solution was left at room 

temperature for 30 minutes for red blood cell sedimentation to the bottom of the tube.  

After this time the upper white blood cell rich layer was discarded and the lower red 

blood cell fraction was isolated. The red blood cell fraction was washed twice in 

phosphate buffered saline (PBS, 500 g, 5 minutes) and the remaining red blood cell pellet 

25 was counted (Coulter Act Diff, Beckman Coulter) and then suspended in ddH 20 to lyse 

the cells. This solution was vortexed and then centrifuged (15000 g, 20 minutes) to pellet 

the membranes. This process was repeated and the resulting pellet was suspended in PBS 

and used for priming experiments.  

Mesenchymal stem cells (MSCs) isolated from adipose tissue were expanded in 

30 culture media (DMEM with 10 % FBS and 1 % antibiotic-antimycotic, v/v) at 37 °C and 

5 % CO2 . Cells were passaged twice a week when the cells reached confluence. Cells 

were counted using a haemocytometer and viability was determined with trypan blue 

staining.
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For co-culture experiments, MSCs were seeded into T75 flasks at a concentration of 

0.1 x 106 cells per mL of ADSC culture media and were incubated for 24 hours to ensure 

plate adherence (37 °C, 5 % CO2). After incubation, the conditions as outlined in Table 9 

were prepared using freshly isolated red blood cells. For co-culture with red blood cells 

5 the total volume of culture media in T75 flasks was 18 mL.  

Table 9. Co-culture conditions for MSCs and red blood cells (RBCs) at a ratio of 1:100 

at 37 °C, 5 % CO 2 for 72 hours.  

Red blood cell 
Flask MSCs 

Condition Label derived 
size seeded 

membranes 

MSCs:RBC membraness Primed T75 2 x 106 200 x 106 

(1:100) 

RBC membranes Unprimed T75 - 200 x 106 

Cells were then incubated for 72 hours at 37 °C with 5 % CO2. Following incubation, the 

10 red blood cell membranes were isolated by centrifugation out of the conditioned media 

(15000g, 20minutes). Any remaining particulates in the conditioned media were 

removed by centrifugation (2000 g, 10 minutes) after which it was stored at -80 °C. The 

red blood cell membranes were washed once with PBS (15000 g, 20 minutes).  

The red blood cell membranes were then diluted (based on the original number of 

is red blood cells used) in PBS to the equivalent of the membranes from 400 million 

cells/mL. The membranes were then incubated in PBS for 24 hours, at 37 °C and 5 % 

CO2. After the incubation the red blood cell membranes were removed by centrifugation 

(15000 g, 20 minutes) the supernatant containing the membrane secretions were retained 

and analysed. Two multiplex assays were utilised. The 27-plex human cytokine panel 

20 that assays for FGF basic, Eotaxin, G-CSF, GM-CSF, IFN-7, IL-1p, IL-Ira, IL-2, IL-4, 

IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL-17, IP-10, MCP-1, MIP

Ia, MIP- I, PDGF-BB, RANTES, TNF-a, and VEGF, and the 21-plex human cytokine 

panel that assays for IL-la, IL-2Ra, IL-3, IL-12, IL-16, IL-18, CTACK, GRO-a, HGF, 

IFN-a2, LIF, MCP-3, M-CSF, MIF, MIG, -NGF, SCF, SCGF-P, SDF-a, TNF-0, 

25 TRAIL (Bio-Plex Pro 27-plex and 21-plex, Bio-Rad). The assays were performed 

according to manufacturer's instructions using an automated magnetic wash station 

(BioPlex Pro II, Bio-Rad) for the washing steps. The assays were run on the Luminex@
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2 0 0 k system (Bio-Rad) and fluorescent values were collected. The calibration curve for 

each cytosine was analysed with 5 parametric logistic curve regression using BioPlex 

manager software (ver. 5.0, Bio-Rad, USA).  

As shown in FIG. 46A-46VV, the cytokine profile of the red blood cell membranes 

5 was only very slightly altered by the 'priming' process, which in this instance was co

culture with MSCs (Mesenchymal stem cells). The red blood cell membrane secretion 

concentration of GRO-a was significantly increased following co-culture priming. Whilst 

the no analytes decreased significantly following co-culture priming. These results 

indicate that changes in the secretion profile of red blood cells following priming with 

10 MSCs is heavily dependent on the red blood cells being intact.  

11.3. RBC lysates 

Whole blood was collected from healthy volunteers (n >3). Blood was collected 

from each volunteer by venepuncture (n > 3) directly into EDTA vacutainers (k2EDTA 

vacutainers, BD Biosciences). All fractions of blood were collected and processed at 

is room temperature within 4 hours of collection.  

The red blood cells were isolated using dextran sedimentation as follows. Whole 

blood was centrifuged (1500 g, 10 minutes) and the upper plasma layer was discarded.  

The remaining cell pellet was resuspended in an equal volume of sodium chloride 

(0.15 M). Dextran (6 % w/v in 0.15 M sodium chloride) was then added to this cellular 

20 suspension at a 1:4 ratio (dextran : cell suspension). This solution was left at room 

temperature for 30 minutes for red blood cell sedimentation to the bottom of the tube.  

After this time the upper white blood cell rich layer was discarded and the lower red 

blood cell fraction was isolated. The red blood cell fraction was washed twice in 

phosphate buffered saline (PBS, 500 g, 5 minutes) and the remaining red blood cell pellet 

25 was counted (Coulter Act Diff, Beckman Coulter) and then used for priming experiments.  

Mesenchymal stein cells (MSCs) isolated from adipose tissue was expanded in 

culture media (DMEM with 10 % FBS and 1 % antibiotic-antimycotic, v/v) at 37 °C and 

5 % CO2 . Cells were passaged twice a week when the cells reached confluence. Cells 

were counted using a haemocytometer and viability was determined with trypan blue 

30 staining 

For co-culture experiments, MSCs were seeded into T75 flasks at a concentration of 

0.1 x 106 cells per mL of culture media and were incubated for 24 hours to ensure plate 

adherence (37 °C, 5 % C02 ). After incubation, the conditions as outlined in Table 10
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were prepared using freshly isolated red blood cells. For co-culture with red blood cells 

the total volume of culture media in T75 flasks was 18 mL.  

Table 10. Co-culture conditions for MSCs red blood cells (RBCs) at a ratio of 1:100 at 
37 °C, 5 % CO2 for 72 hours.  

Flask MSCs Red blood cell 
Condition Label 

size seeded number 

MSCs:RBCs (1:100) Primed T75 1.8x 106 180 x 106 

RBCs Unprimed T75 - 180 x 106 
5 

Cells were then incubated for 72 hours at 37 °C with 5 % CO2 . Following incubation, the 

red blood cells were isolated by centrifugation out of the conditioned media (500 g, 

10 minutes). Any remaining particulates in the conditioned media were removed by 

centrifugation (2000 g, 10 minutes) after which it was stored at -80 °C. The red blood 

10 cells were washed once with PBS and counted using a haematology analyser (Coulter Act 

Diff, Beckman Coulter).  

The primed and unprimed red blood cells were subjected to 3 freeze-thaw cycles to 

ensure complete cellular lysis. Following lysis, the red blood cell lysates were diluted in 

PBS to the equivalent of 400 million cells/mL. These lysates were then analysed on the 

is multiplex cytokine assays. Two multiplex assays were utilised. The first was the 27-plex 

human cytokine panel that assays for FGF basic, Eotaxin, G-CSF, GM-CSF, IFN-7, IL

1, IL-Ira, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL

17, IP-10, MCP-1, MIP-Ia, MIP-1, PDGF-BB, RANTES, TNF-a, and VEGF, and the 

secondwas the 21-plexhuman cytokine panel that assays for IL-la, IL-2Ra, IL-3, IL-12, 

20 IL-16, IL-18, CTACK, GRO-a, HGF, IFN-a2, LIF, MCP-3, M-CSF, MIF, MIG, p-NGF, 

SCF, SCGF-P, SDF-la, TNF-P, TRAIL (Bio-Plex Pro 27-plex and 21-plex, Bio-Rad).  

The assays were performed according to manufacturer's instructions using an automated 

magnetic wash station (BioPlex Pro II, Bio-Rad) for the washing steps. The assays were 

run on the Luminex@; 2 0 0 m system (Bio-Rad) and fluorescent values were collected. The 

25 calibration curve for each cytokine was analysed with 5 parametric logistic curve 

regression using BioPlex manager software (ver. 5.0, Bio-Rad, USA).  

As shown in FIG. 47A-47VV, the cytokine profile of the red blood cells was 

altered by the 'priming' process, which in this instance was co-culture with mesenchymal 

stem cells (MSCs). The red blood cell concentration of analytes such as CTACK and
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GROa were significantly increased following co-culture priming. Whilst the level of IL

Ia decreased significantly following co-culture priming. The results demonstrated that the 

cytokine profile of red blood cells was subject to change depending on their environment.  

Comparison of these results with the analysis of the cytokines released or secreted by red 

5 blood cells after priming indicated that the extended incubation of RBCs in PBS to 

generate a secretion profile was significantly more reproducible than the lysis procedure.  

11.4. RBC secretions 

Whole blood was collected from healthy volunteers (n = 3). Blood was collected 

from each volunteer by venepuncture (n > 3) directly into EDTA vacutainers (k2EDTA 

10 vacutainers, BD Biosciences). All fractions of blood were collected and processed at 

room temperature within 4 hours of collection.  

The red blood cells were isolated using dextran sedimentation as follows. Whole 

blood was centrifuged (1500g, 10 minutes) and the upper plasma layer was discarded.  

The remaining cell pellet was resuspended in an equal volume of sodium chloride 

is (0.15 M). Dextran (6 % w/v in 0.15 M sodium chloride) was then added to this cellular 

suspension at a 1:4 ratio (dextran : cell suspension). This solution was left at room 

temperature for 30 minutes for red blood cell sedimentation to the bottom of the tube.  

After this time the upper white blood cell rich layer was discarded and the lower red 

blood cell fraction was isolated. The red blood cell fraction was washed twice in 

20 phosphate buffered saline (PBS, 500 g, 5 minutes) and the remaining red blood cell pellet 

was counted (Coulter Act Diff, Beckman Coulter) and then used for priming experiments.  

Mesenchymal stem cells (MSCs) isolated from adipose tissue were expanded in 

culture media (DMEM with 10 % FBS and I % antibiotic-antimycotic, v/v) at 37 °C and 

5 % CO 2 . Cells were passaged twice a week when the cells reached confluence. Cells 

25 were counted using a haemocytometer and viability was determined with trypan blue 

staining.  

For co-culture experiments, MSCs were seeded into T75 flasks at a concentration of 

0.1 x 106 cells per mL of culture media and were incubated for 24 hours to ensure plate 

adherence (37 °C, 5 % C0 2). After incubation, the conditions as outlined in Table 11 

30 were prepared using freshly isolated red blood cells. For co-culture with red blood cells 

the total volume of culture media in T75 flasks was 18 mL.
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Table 11. Co-culture conditions for MSCs and red blood cells (RBCs) at a ratio of 1:100 
at 37 °C, 5 % CO 2 for 72 hours.  

Flask VISCs Red blood cell 
Condition Label 

size seeded number 

MSCs:RBCs (1:100) Primed T75 2 x 106 200 x 106 

RBCs Unprimed T75 - 200 x 106 

Cells were then incubated for 72 hours at 37 °C with 5 % CO2. Following incubation, the 

5 red blood cells were isolated by centrifugation out of the conditioned media (500g, 

10 minutes). Any remaining particulates in the conditioned media were removed by 

centrifugation (2000 g, 10 minutes) after which it was stored at -80 °C. The red blood 

cells were washed once with PBS and counted using a haematology analyser (Coulter Act 

Diff, Beckman Coulter).  

1M The red blood cells were then diluted in PBS to the equivalent of 400 million 

cells/mL. The red blood cells were then incubated in PBS for 24 hours, at 37 °C and 5 % 

CO2 . After the incubation the red blood cells were removed by centrifugation (500 g, 

10 minutes) the supernatants containing the red blood cell secretions were retained and 

analysed. Two multiplex assays were utilised. The 27-plex human cytokine panel that 

is assays for FGF basic, Eotaxin, G-CSF, GM-CSF, IFN-y, IL-1p, IL-Ira, IL-2, IL-4, IL-5, 

IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL-17, IP-10, MCP-t, MIP-la, 

MIP-1p, PDGF-BB, RANTES, TNF-a, andVEGF, and the 21-plex human cytokine panel 

that assays for IL-la, IL-2Ra, IL-3, IL-12, IL-6, IL-18, CTACK, GRO-a, HGF, IFN-a2, 

LIF, MCP-3, M-CSF, MIF, MIG, P-NGF, SCF, SCGF-, SDF-la, TNF-3 TRAIL (Bio

20 Plex Pro 27-plex and 21-plex, Bio-Rad). The assays were performed according to 

manufacturer's instructions using an automated magnetic wash station (BioPlex Pro II, 

Bio-Rad) for the washing steps. The assays were run on the Luminex) 200 system 

(Bio-Rad) and fluorescent values were collected. The calibration curve for each cytokine 

was analysed with 5 parametric logistic curve regression using BioPlex manager software 

25 (ver. 5.0, Bio-Rad, USA).  

As shown in FIG. 48A-48VV, the cytokines released or secreted by red blood cells 

were altered by the 'priming' process, which in this instance was co-culture with MSCs 

(Mesenchymal stem cells). The red blood cell secretion concentration of proteins such as 

Gro-a, MCP-3, IL-2ra, SDF-la, HGF, bNGF, SCF, SCGF-b, IL-8,11-4, IL-10, MCP-1, 

30 MIP-la, MIP-lb, VEGF and IL-6 were all significantly increased following co-culture
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priming. Whilst the levels of a few proteins such as IL-la, MIF, IL-12(p40), IL-15, GM

CSF all decreased significantly following co-culture priming. The results demonstrated 

that the red blood cell cytokine secretion profile is subject to change depending on their 

environment. By incubating red blood cells in a protein rich environment, the cells were 

5 able to bind and release a wide range of cytokines.  

Example 12. Red blood cells after priming with MCF-7 breast cancer cells 

12.1 RBC membranes 

Whole blood was collected from healthy volunteers (n > 3). Blood was collected 

from each volunteer by venepuncture (n > 3) directly into EDTA vacutainers (k2EDTA 

10 vacutainers, BD Biosciences). All fractions of blood were collected and processed at 

room temperature within 4 hours of collection.  

The red blood cells were isolated using dextran sedimentation as follows. Whole 

blood was centrifuged (1500g, 10 minutes) and the upper plasma layer was discarded.  

The remaining cell pellet was resuspended in an equal volume of sodium chloride 

is (0.15 M). Dextran (6 % w/v in 0.15 M sodium chloride) was then added to this cellular 

suspension at a 1:4 ratio (dextran : cell suspension). This solution was left at room 

temperature for 30 minutes for red blood cell sedimentation to the bottom of the tube.  

After this time the upper white blood cell rich layer was discarded and the lower red 

blood cell fraction was isolated. The red blood cell fraction was washed twice in 

20 phosphate buffered saline (PBS, 500 g, 5 minutes) and the remaining red blood cell pellet 

was counted (Coulter Act Diff, Beckman Coulter) ) and then suspended in ddH20 to lyse 

the cells. This solution was vortexed and then centrifuged (15000 g, 20 minutes) to pellet 

the membranes. This process was repeated and the resulting pellet was suspended in PBS 

and used for priming experiments.  

25 MCF-7 cells were expanded in culture media (DMEM with 10 % FBS and I % 

antibiotic-antimycotic, v/v) at 37 °C and 5 %CO 2 . Cells were passaged twice a week 

when the cells reached confluence. Cells were counted using a haemocytometer and 

viability was determined with trypan blue staining.  

For co-culture experiments, MCF-7 cells were seeded into T75 flasks at a 

30 concentration of 0.1 x 106 cells per mL of culture media and were incubated for 24 hours 

to ensure plate adherence (37 °C, 5 % C0 2 ). After incubation, the conditions as outlined 

in Table 12 were prepared using freshly isolated red blood cells. For co-culture with red 

blood cells the total volume of culture media in T75 flasks was 18 mL.
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Table 12. Co-culture conditions for MCF-7 cells and red blood cells membranes at a 
ratio of 1:100 at 37 °C, 5 % CO 2 for 72 hours.  

MCF-7 Equivalent 
Flask RBC 

Condition Label cells 
size membrane 

seeded 
number 

MCF-7 cells:RBC Primed T75 2 x 106 200 x 10' 

membranes (1:100) 

RBCs Unprimed T75 - 200 x 106 

Cells were then incubated for 72 hours at 37 °C with 5 % CO2. Following incubation, the 

5 red blood cell membranes were isolated by centrifugation out of the conditioned media 

(15000 g, 20 minutes). Remaining particulates in the conditioned media were removed by 

centrifugation (2000 g, 10 minutes) after which it was stored at -80 °C. The red blood cell 

membranes were washed once with PBS (15000 g, 20 minutes).  

The red blood cell membranes were then diluted (based on the original number of 

10 red blood cells used) in PBS to the equivalent of the membranes from 400 million 

cells/mL. The primed and unprimed red blood cell membranes were subjected to 3 freeze

thaw cycles to ensure complete cellular lysis. These lysates were then analysed on the 

multiplex cytokine assays. Two multiplex assays were utilised. The first was the 27-plex 

human cytokine panel that assays for FGF basic, Eotaxin, G-CSF, GM-CSF, IFN-y, IL

is 1 , IL-Ira, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL

17, IP-10, MCP-1, MIP-la, MIP-1p, PDGF-BB, RANTES, TNF-a, and VEGF, and the 

secondwas the 21-plex human cytokine panel that assays for IL-la, IL-2Ra, IL-3, IL-12, 

IL-16, IL-t8, CTACK, GRO-a, HGF, IFN-a2, LIF, MCP-3, M-CSF, MIF, MIG, p-NGF, 
SCF, SCGF-P, SDF-la, TNF-B, TRAIL (Bio-Plex Pro 27-plex and 21-plex, Bio-Rad).  

20 The assays were performed according to manufacturer's instructions using an automated 

magnetic wash station (BioPlex Pro II, Bio-Rad) for the washing steps. The assays were 

run on the Luminex@ 2 0 0 mN system (Bio-Rad) and fluorescent values were collected. The 

calibration curve for each cytokine was analysed with 5 parametric logistic curve 

regression using BioPlex manager software (ver. 5.0., Bio-Rad, USA).  

25 As shown in FIG. 49A-49VV, the cytokine profile of the red blood cell membranes 

were altered by the 'priming' process, which in this instance was co-culture with MCF-7 

cells (breast cancer cell line). The red blood cell concentration of proteins such as IL-3,
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and IL-8 were significantly increased following co-culture priming. Whilst the level IL

2ra decreased significantly following co-culture priming. The results demonstrated that 

the cytokine profile of red blood cell membranes was subject to change depending on 

their environment. IL-3 was the only cytokine whose levels were also significantly 

5 changed after priming in the whole red blood cell lysis experiment, indicating that the 

membrane has different cytokine binding properties than the red blood cell as a whole.  

12.2 Red blood cell membrane secretions 

Whole blood was collected from healthy volunteers (n =3). Blood was collected 

from each volunteer by venepuncture (n > 3) directly into EDTA vacutainers (k2EDTA 

10 vacutainers, BD Biosciences). All fractions of blood were collected and processed at 

room temperature within 4 hours of collection.  

The red blood cells were isolated using dextran sedimentation as follows. Whole 

blood was centrifuged (1500 g, 10 minutes) and the upper plasma layer was discarded.  

The remaining cell pellet was resuspended in an equal volume of sodium chloride 

is (0.15 M). Dextran (6 % w/v in 0.15 M sodium chloride) was then added to this cellular 

suspension at a 1:4 ratio (dextran : cell suspension). This solution was left at room 

temperature for 30 minutes for red blood cell sedimentation to the bottom of the tube.  

After this time the upper white blood cell rich layer was discarded and the lower red 

blood cell fraction was isolated. The red blood cell fraction was washed twice in 

20 phosphate buffered saline (PBS, 500 g, 5 minutes) and the remaining red blood cell pellet 

was counted (Coulter Act Diff, Beckman Coulter) and then suspended in ddH20 to lyse 

the cells. This solution was vortexed and then centrifuged (15000 g, 20 minutes) to pellet 

the membranes. This process was repeated and the resulting pellet was suspended in PBS 

and used for priming experiments.  

25 MCF-7 cells were expanded in culture media (DMEM with 10 % FBS and 1 % 

antibiotic-antimycotic, v/v) at 37 C and 5 %CO 2 . Cells were passaged twice a week 

when the cells reached confluence. Cells were counted using a haemocytometer and 

viability was determined with trypan blue staining.  

For co-culture experiments, MCF-7 cells were seeded into T75 flasks at a 

30 concentration of 0.1 x 106 cells per mL of culture media and were incubated for 24 hours 

to ensure plate adherence (37 °C, 5 % C0 2 ). After incubation, the conditions as outlined 

in Table 13 were prepared using freshly isolated red blood cells. For co-culture with red 

blood cells the total volume of culture media in T75 flasks was 18 mL.
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Table 13. Co-culture conditions for MCF-7 cells and equivalent membranes from red 
blood cells (RBCs) at a ratio of 1:100 at 37 °C, 5 % C02 for 72 hours.  

MCF-7 Red blood cell 
Flask 

Condition Label cells derived 
size 

seeded membranes 

MCF-7cells:RBC Primed T75 2 x 10" 200 x 106 

membranes (1:100) 

RBC membranes Unprimed T75 - 200 x 106 

Cells and membranes were then incubated for 72 hours at 37 °C with 5 % CO 2 . Following 

5 incubation, the red blood cell membranes were isolated by centrifugation out of the 

conditioned media (15000 g, 20 minutes). Any remaining particulates in the conditioned 

media were removed by centrifugation (2000 g, 10 minutes) after which it was stored at 

80'°C. The red blood cells membranes were washed once with PBS (15000g, 

20 minutes).  

10 The red blood cell membranes were then diluted (based on the original number of 

red blood cells used) in PBS to the equivalent of the membranes from 400 million 

cells/mL. The membranes were then incubated in PBS for 24 hours, at 37 °C and 5 % 

CO2. After incubation the membranes were removed by centrifugation (15000g, 

20 minutes) the supernatants containing the red blood cell membrane secretions were 

15 retained and analysed. Two multiplex assays were utilised. The 27-plex human cytokine 

panel that assays for FGF basic, Eotaxin, G-CSF, GM-CSF, IFN-, IL-t, IL-Ira, IL-2, 

IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL-17, IP-10, MCP-1, 

MIP-la, MIP-1, PDGF-BB, RANTES, TNF-a, and VEGF, and the 21-plex human 

cytokinepanel thatassays forIL-la, IL-2Ra, IL-3, IL-12, IL-16, IL-18, CTACK, GRO-a, 

20 HGF, IFN-ax2, LIF, MCP-3, M-CSF, MIF, MIG, B-NGF, SCF, SCGF-P, SDF-I, TNF-, 

TRAIL (Bio-Plex Pro 27-plex and 21-plex, Bio-Rad). The assays were performed 

according to manufacturer's instructions using an automated magnetic wash station 

(BioPlex Pro II, Bio-Rad) for the washing steps. The assays were run on the Luiinex@ 

200m system (Bio-Rad) and fluorescent values were collected. The calibration curve for 

25 each cytokine was analysed with 5 parametric logistic curve regression using BioPlex 

manager software (ver. 5.0, Bio-Rad, USA).  

As shown in FIG. 50A-50VV, the cytokine secretion profile of the red blood cell 

membranes was altered by the 'priming' process, which in this instance was co-culture
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with MCF-7 cells (a breast cancer cell line). The red blood cell secretion concentration of 

proteins such as IFN-a2, IL-18, MIF, TNF-b, IL-2ra, CTACK, GRO-a, MIG, SDF-la,IL

16, IL-3, LIF, IL-8, IL-9, TNF-a, IL-Ira, IL-4, MCP-, RANTES, IL-7, IP-10, PDGF-bb, 

and VEGF were all significantly increased following co-culture priming. Whilst the levels 

5 of Eotaxin and FGF basic dereased significantly following co-culture priming. These 

results demonstrated that the red blood cell membrane contributes extensively to the 

changes in cytokine secretion profile of red blood cells when primed with MCF-7 cells.  

12.3 RBC lysates 

Whole blood was collected from healthy volunteers (n > 3). Blood was collected 

10 from each volunteer by venepuncture (n > 3) directly into EDTA vacutainers (k 2EDTA 

vacutainers, BD Biosciences). All fractions of blood were collected and processed at 

room temperature within 4 hours of collection.  

The red blood cells were isolated using dextran sedimentation as follows. Whole 

blood was centrifuged (1500 g, 10 minutes) and the upper plasma layer was discarded.  

is The remaining cell pellet was resuspended in an equal volume of sodium chloride 

(0.15 M). Dextran (6 % w/v in 0.15 M sodium chloride) was then added to this cellular 

suspension at a 1:4 ratio (dextran : cell suspension). This solution was left at room 

temperature for 30 minutes for red blood cell sedimentation to the bottom of the tube.  

After this time the upper white blood cell rich layer was discarded and the lower red 

20 blood cell fraction was isolated. The red blood cell fraction was washed twice in 

phosphate buffered saline (PBS, 500 g, 5 minutes) and the remaining red blood cell pellet 

was counted (Coulter Act Diff, Beckman Coulter) and then used for priming experiments.  

MCF-7 cells were expanded in culture media (DMEM with 10 % FBS and I % 

antibiotic-antimycotic, v/v) at 37 °C and 5 % CO2 . Cells were passaged twice a week 

25 when the cells reached confluence. Cells were counted using a haemocytometer and 

viability was determined with trypan blue staining.  

For co-culture experiments, MCF-7 cells were seeded into T75 flasks at a 

concentration of 0.1 x 106 cells per mL of ADSC culture media and were incubated for 

24 hours to ensure plate adherence (37 °C, 5 % C0 2). After incubation, the conditions as 

30 outlined in Table 14 were prepared using freshly isolated red blood cells. For co-culture 

with red blood cells the total volume of culture media in T75 flasks was 18 mL.
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Table 14. Co-culture conditions for MCF-7 cells and red blood cells (RBCs) at a ratio of 
1:100 at 37 °C, 5 % CO 2 for 72 hours.  

MCF-7 
Flask Red blood cell 

Condition Label cells 
size number 

seeded 

MCF-7 cells:RBCs (1:100) Primed T75 2.0x 106 200 x 106 

RBCs Unprimed T75 - 200 x 106 

Cells were then incubated for 72 hours at 37 °C with 5 % CO2. Following incubation, the 

5 red blood cells were isolated by centrifugation out of the conditioned media (500 g, 

10 minutes). Any remaining particulates in the conditioned media were removed by 

centrifugation (2000 g, 10 minutes) after which it was stored at -80 C. The red blood 

cells were washed once with PBS and counted using a haematology analyser (Coulter Act 

Diff, Beckman Coulter).  

Mo The primed and unprimed red blood cells were subjected to 3 freeze-thaw cycles to 

ensure complete cellular lysis. Following lysis, the red blood cell lysates were diluted in 

PBS to the equivalent of 400 million cells/mL. These lysates were then analysed on the 

multiplex cytokine assays. Two multiplex assays were utilised. The first was the 27-plex 

human cytokine panel that assays for FGF basic, Eotaxin, G-CSF, GM-CSF, IFN-y, IL

is I , IL-Ira, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL

17, IP-10, MCP-1, MIP-la, MIP-1, PDGF-BB, RANTES, TNF-a, and VEGF, and the 

secondwas the 21-plex human cytokine panel that assays for IL-la, IL-2Ra, IL-3, IL-12, 

IL-16, IL-18, CTACK, GRO-a, HGF, IFN-a2, LIF, MCP-3, M-CSF, MIF, MIG, -NGF, 

SCF, SCGF-P, SDF-la, TNF-P TRAIL (Bio-Plex Pro 27-plex and 21-plex, Bio-Rad).  

20 The assays were performed according to manufacturer's instructions using an automated 

magnetic wash station (BioPlex Pro II, Bio-Rad) for the washing steps. The assays were 

run on the Luminex@ 200 r1system (Bio-Rad) and fluorescent values were collected. The 

calibration curve for each cytokine was analysed with 5 parametric logistic curve 

regression using BioPlex manager software (ver. 5.0, Bio-Rad, USA).  

25 As shown in FIG. 51A-51VV, the cytokine profile of the red blood cells was 

altered by the 'priming' process, which in this instance was co-culture with MCF-7 

(breast cancer cell line). The red blood cell concentration of proteins such as IL-la, 

CTACK, IL3, and IL-12p40 were significantly increased following co-culture priming.  

Whilst the level of IL-18 decreased significantly following co-culture priming. The
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results demonstrated that the cytokine profile of red blood cells is subject to change 

depending on their environment. By incubating red blood cells in a protein rich 

environment, the cells were able to bind and release proteins. Comparison of these results 

with the analysis of the cytokines released or secreted by red blood cells after priming 

5 indicated that the extended incubation of RBCs in PBS to generate a secretion profile wa 

significantly more reproducible than the lysis procedure.  

12.4. RBC secretions 

Whole blood was collected from healthy volunteers (n =3). Blood was collected 

from each volunteer by venepuncture (n > 3) directly into EDTA vacutainers (k2EDTA 

10 vacutainers, BD Biosciences). All fractions of blood were collected and processed at 

room temperature within 4 hours of collection.  

The red blood cells were isolated using dextran sedimentation as follows. Whole 

blood was centrifuged (1500g, 10 minutes) and the upper plasma layer was discarded.  

The remaining cell pellet was resuspended in an equal volume of sodium chloride 

is (0.15 M). Dextran (6 % w/v in 0.15 M sodium chloride) was then added to this cellular 

suspension at a 1:4 ratio (dextran : cell suspension). This solution was left at room 

temperature for 30 minutes for red blood cell sedimentation to the bottom of the tube.  

After this time the upper white blood cell rich layer was discarded and the lower red 

blood cell fraction was isolated. The red blood cell fraction was washed twice in 

20 phosphate buffered saline (PBS, 500 g, 5 minutes) and the remaining red blood cell pellet 

was counted (Coulter Act Diff, Beckman Coulter) and then used for priming experiments.  

MCF-7 cells were expanded in culture media (DMEM with 10 % FBS and 10 

antibiotic-antimycotic, v/v) at 37 °C and 5 % CO 2 .Cellswerepassagedtwiceaweek 

when the cells reached confluence. Cells were counted using a haemocytometer and 

25 viability was determined with trypan blue staining.  

For co-culture experiments, MCF-7 cells were seeded into T75 flasks at a 

concentration of 0.1 x 106 cells per mL of ADSC culture media and were incubated for 

24 hours to ensure plate adherence (37 °C, 5 % C0 2). After incubation, the conditions as 

outlined in Table 15 were prepared using freshly isolated red blood cells. For co-culture 

30 with red blood cells the total volume of culture media in T75 flasks was 18 mL.
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Table 15. Co-culture conditions for MCF-7 cells and red blood cells (RBCs) at a ratio of 
1:100 at 37 °C, 5 % CO 2 for 72 hours.  

MCF-7 
Flask Red blood cell 

Condition Label cells 
size number 

seeded 

MCF-7:RBCs (1:100) Primed T75 2 x 10' 200 x 106 

RBCs Unprimed T75 - 200 x 106 

Cells were then incubated for 72 hours at 37 °C with 5 % CO2. Following incubation, the 

5 red blood cells were isolated by centrifugation out of the conditioned media (500 g, 

10 minutes). Any remaining particulates in the conditioned media were removed by 

centrifugation (2000 g, 10 minutes) after which it was stored at -80 CC. The red blood 

cells were washed once with PBS and counted using a haematology analyser (Coulter Act 

Diff, Beckman Coulter).  

Mo The red blood cells were then diluted in PBS to the equivalent of 400 million 

cells/mL. The red blood cells were then incubated in PBS for 24 hours, at 37 °C and 5 % 

CO2. After the incubation the red blood cells were removed by centrifugation (500 g, 

10 minutes) the supernatant containing the red blood cell secretions were retained and 

analysed. Two multiplex assays were utilised. The 27-plex human cytokine panel that 

is assays for FGF basic, Eotaxin, G-CSF, GM-CSF, IFN-, IL-13, IL-Ira, IL-2, IL-4, IL-5, 

IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL-17, IP-10, MCP-1, MIP-la, 

MIP-13,PDGF-BB, RANTES,TNF-a, andVEGF, andthe21-plexhuman cytokinepanel 

that assays for IL-la, IL-2Ra, IL-3, IL-12, IL-16, IL-18, CTACK, GRO-a, HGF, IFN-a2, 

LIF, MCP-3, M-CSF, MIF, MIG, P-NGF, SCF, SCGF-, SDF-la, TNF-P, TRAIL (Bio

20 Plex Pro 27-plex and 21-plex, Bio-Rad). The assays were performed according to 

manufacturer's instructions using an automated magnetic wash station (BioPlex Pro II, 

Bio-Rad) for the washing steps. The assays were run on the Luminex 2001m system 

(Bio-Rad) and fluorescent values were collected. The calibration curve for each cytokine 

was analysed with 5 parametric logistic curve regression using BioPlex manager software 

25 (ver. 5.0, Bio-Rad, USA).  

As shown in FIG. 52A-52VV, the cytokine secretion profile ofthe red blood cells 

was altered by the 'priming' process, which in this instance was co-culture with MCF-7 

cells (a breast cancer cell line). The red blood cell secretion concentration of proteins such 

as IL-la, MIF, TRAIL, IL-2ra, GRO-a, IL-16, IL-3, SCF, IL-12p40, LIF, IL-8, IL-9, IL-
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12p70, IL-17, TNF-a, IL-Ira, IL-4, IL-13, MCP-1, RANTES, G-CSF, IL-7, IP-10, PDGF

bb, VEGF, IL-2 and IL-6 were all significantly increased following co-culture priming.  

Whilst only the level of IFN-a2 decreased significantly following co-culture priming.  

These results demonstrated that the cytokine secretion profile of red blood cells is subject 

5 to change depending on their environment. By incubating red blood cells in a protein rich 

environment, the cells were able to bind and release proteins.  

Example 13. Red blood cells after priming with A549 lung cancer cells 

Whole blood was collected from healthy volunteers (n > 1). Blood was collected 

10 from each volunteer by venepuncture (n > 3) directly into EDTA vacutainers (k 2EDTA 

vacutainers, BD Biosciences). All fractions of blood were collected and processed at 

room temperature within 4 hours of collection. For multiplex analysis (BioPlex analysis) 

all samples were stored at -80 °C and were subjected to 3 freeze-thaw cycles at -80 °C to 

ensure complete cellular lysis prior to analysis.  

is The red blood cells were isolated using dextran sedimentation as follows. Whole 

blood was centrifuged (1500 g, 10 minutes) and the upper plasma layer was discarded.  

The remaining cell pellet was resuspended in an equal volume of sodium chloride 

(0.15 M). Dextran (6 % w/v in 0.15 M sodium chloride) was then added to this cellular 

suspension at a 1:4 ratio (dextran : cell suspension). This solution was left at room 

20 temperature for 30 minutes for red blood cell sedimentation to the bottom of the tube.  

After this time the upper white blood cell rich layer was discarded and the lower red 

blood cell fraction was isolated. The red blood cell fraction was washed twice in 

phosphate buffered saline (PBS, 500 g, 5 minutes) and the remaining red blood cell pellet 

was counted (Coulter Act Diff, Beckman Coulter) and then used for priming experiments.  

25 A549 cells were expanded in A549 culture media (DMEM with 10 % FBS and 

I % antibiotic-antimycotic, v/v) at 37 °C and 5 %CO 2 . Cells were passaged twice a week 

when the cells reached confluence. Cells were counted using a haemocytometer and 

viability was determined with trypan blue staining.  

For co-culture experiments, A549 cells were seeded into T75 flasks at a 

30 concentration of 0.1 x 106 cells per mL of ADSC culture media and were incubated for 

24 hours to ensure plate adherence (37 °C, 5 % C0 2). After incubation, the conditions as 

outlined in Table 16 were prepared using freshly isolated red blood cells. For co-culture 

with red blood cells the total volume of culture media in T75 flasks was 18 mL.
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Table 16. Co-culture conditions for A549 cells and red blood cells (RBCs) at a ratio of 
1:100 at 3 7 OC, 5 % CO2 for 72 hours.  

Flask A549 cells Red blood cell 
Condition Label 

size seeded number 

A549 cells T75 1.8 x 106 

A549 cells:RBCs (1:100) Primed T75 1.8 x 106 180 x 106 

RBCs Unprimed T75 - 180 x 106 

Cells were then incubated for 72 hours at 37 °C with 5 % CO2. Following incubation, the 

5 red blood cells were isolated by centrifugation out of the conditioned media (500g, 

10 minutes). Any remaining particulates in the conditioned media were removed by 

centrifugation (2000 g, 10 minutes) after which it was stored at -80 °C. The red blood 

cells were washed once with PBS and counted using a haematology analyser (Coulter Act 

Diff, Beckman Coulter). The red blood cells were then frozen at -80 °C to produce 

10 lysates.  

The primed and unprimed red blood cells were subjected to 3 freeze-thaw cycles 

to ensure complete cellular lysis. Following lysis, the red blood cell lysates were diluted 

in PBS to the equivalent of 400 million cells/mL. These lysates were then analysed on the 

multiplex cytokine assays. Two multiplex assays were utilised. The first was the 27-plex 

is human cytokine panel that assays for FGF basic, Eotaxin, G-CSF, GM-CSF, IFN-y, IL

I , IL-Ira, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL

17, IP-10, MCP-1, MIP-la, MIP-1, PDGF-BB, RANTES, TNF-a, and VEGF, and the 

secondwas the 21-plex human cytokine panel that assays for IL-la, IL-2Ra, IL-3, IL-12, 

IL-16, IL-18, CTACK, GRO-a, HGF, IFN-a2, LIF, MCP-3, M-CSF, MIF, MIG, -NGF, 

20 SCF, SCGF-P, SDF-la, TNF-P TRAIL (Bio-Plex Pro 27-plex and 21-plex, Bio-Rad).  

The assays were performed according to manufacturer's instructions using an automated 

magnetic wash station (BioPlex Pro II, Bio-Rad) for the washing steps. The assays were 

run on the Luminex@ 200m Msystem (Bio-Rad) and fluorescent values were collected. The 

calibration curve for each cytokine was analysed with 5 parametric logistic curve 

25 regression using BioPlex manager software (ver. 5.0, Bio-Rad, USA).  

As shown in FIG. 53A-53UU, the cytokine profile of the red blood cells was 

altered by the 'priming' process, which in this instance was co-culture with A549 cells 

(lung cancer cell line). The red blood cell concentration of analytes such as IL-8, IL-I0, 

and M-CSF were significantly increased following co-culture priming. Whilst the levels 

30 of a few analytes such as IL-la and IL-12(p40) decreased significantly following co-
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culture priming. These results demonstrate that the cytokine profile of red blood cells is 

subject to change depending on their environment. By incubating red blood cells in a 

protein rich environment, the cells were able to bind and release analytes. The cytokine 

profile of red blood cells were also modulated (or primed) following incubation with 

5 mesenchymal stem cells (data already in priming patent).  

Example 14. Other exemplary non-limiting embodiments 

Further advantages of the claimed subject matter will become apparent from the 

following examples describing certain embodiments of the claimed subject matter.  
10 

1. A method for modulating the levels of at least one protein in a subject comprising: 

a.) producing primed red blood cells by contacting red blood cells with at least one 

agent or at least one condition that modulates the level of one or more red blood cell 

proteins; and 

is b.) administering to the subject one or more primed red blood cell components 

selected from the group consisting of: 

(i) the primed red blood cells; 

(ii) supernatant obtained from incubation or culture of the primed red 

blood cells; 

20 (iii) lysate obtained from the primed red blood cells; 

(iv) membranes obtained from the primed red blood cells; and 

(v) red blood cell ghosts or membranes produced from the primed red 

blood cells, 

wherein administering the one or more primed red blood cell components to the 

25 subject modulates the levels of at least one protein in the subject.  

2. The method of example 1, wherein the one or more primed red blood cell 

components are obtained during priming of the red blood cells and/or after 

priming of the red blood cells.
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3. The method of example 2, wherein the red blood cells are obtained from the subject.  

4. The method of example 2, wherein the red blood cells are not obtained from the 

subject.  

5. The method of one or more of examples I to 4, wherein the one or more primed red 

5 blood cell components administered is the primed red blood cells.  

6. The method of one or more of examples I to 4, wherein the one or more primed red 

blood cell components administered is the supernatant obtained from incubation or 

culture of the primed red blood cells.  

7. The method of one or more of examples I to 4, wherein the one or more primed red 

10 blood cell components administered is lysate obtained from the primed red blood 

cells.  

8. The method of one or more of examples I to 4, wherein the one or more primed red 

blood cell components administered is membranes obtained from the primed red 

blood cells.  

is 9. The method of one or more of examples I to 4, wherein the one or more primed red 

blood cell components administered is red blood cell ghosts produced from the 

primed red blood cells.  

10. The method of example 1, wherein the at least one agent is one or more agents 

selected from the group consisting of proteins, enzymes, nucleic acids, protease 

20 inhibitors, protein denaturation agents, RNA stabilisers, anticoagulants, and cells.  

I1. The method of example 10, wherein the at least one agent is selected from the group 

consisting of protease inhibitors, anti-coagulants, cancer cells, stem cells, and 

immune cells.  

12. The method of example 1, wherein the at least one condition is shear stress, hypoxia, 

25 or hyperpoxia.  

13. The method of one or more of examples I to 12, wherein the red blood cells are 

obtained from one or more sources selected from the group consisting of at least 

one subject, at least one cell bank, and at least one cell line.
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14. The method of one or more of examples I to 12, wherein the subject is a human or a 

non-human mammal.  

15. The method of one or more of examples I to 12, wherein the one or more primed 

red blood cell components are administered to the subject through one or more 

5 methods selected from the group consisting of systemically, locally, intravenously, 

subcutaneously, intraarticularly, intramuscularly,intrathecally, and 

intraperitoneally.  

16. The method of one or more of examples I to 12, wherein the one or more red blood 

cell proteins are selected from the group consisting of chemokines, cytokines, 

10 growth factors, receptors, intracellular signal transmitters, hormones, nuclear 

transcription factors, neurotransmitters, extracellular matrix components, and 

enzymes.  

17. The method of example 16, wherein the one or more red blood cell proteins are 

cytokines, chemokines, or growth factors.  

15 18. A method of modulating the activity of target cells comprising: 

a.) producing primed red blood cells by contacting red blood cells with at least one 

agent or condition that modulates the level of one or more red blood cell proteins; and 

b.) mixing the target cells with one or more primed red blood cell components 

selected from the group consisting of: 

20 (i) the primed red blood cells; 

(ii) supernatant obtained from incubating or culturing the primed red blood 

cells; 

(iii) lysate obtained from the primed red blood cells; 

(iv) membranes obtained from the primed red blood cells; and 

25 (v) red blood cell ghosts or membranes produced from the primed red 

blood cells,
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wherein mixing the target cells with the one or more primed red blood cell 

components modulates the activity of the target cells.  

19. The method of example 18, wherein the primed red blood cells modulate one or 

more activities of the target cells selected from the group consisting of cell 

5 signaling, immune response, cell development, cell growth, inhibition of cell 

growth, cell death, and cell repair.  

20. The method of example 18, wherein the target cells are one or more selected from 

the group consisting of immune cells, immortalized cells, cancer cells, stem cells, 

endothelial cells, fibroblasts, and synovial cells.  

10 21. The method of example 20, wherein the immune cells are one or more selected 

from the group consisting of T-lymphocytes, B-lymphocytes, monocytes, 

macrophages, dendritic cells, natural killer cells, neutrophils, eosinophils, and 

basophils.  

22. The method of example 20, wherein the cancer cells are one or more selected from 

is the group consisting of tumor cells, solid tumor cells, disseminated tumor cells, 

and/or cancerous blood cells.  

23. The method of example 20, wherein the stem cells are one or more selected from 

the group consisting of totipotent stem cells, pluripotent stem cells, multipotent 

stem cells, tissue stem cells, embryonic stem cells, human embryonic stem cells 

20 (HeSC), somatic stem cells, hematopoietic stem cells (e.g. from umbilical cord 

blood, bone marrow), bone marrow stromal stem cells (skeletal stem cells), 

induced pluripotent stem cells (IPSO), epidermal stem cells, epithelial stem cells, 

mesenchymal stem cells, neural stem cells, and mesenchymal stem cells.  

24. The method of one or more of examples 18 to 23, wherein the mixing is a process 

25 selected from the group consisting of incubating, culturing, co-culturing, and 

combining the target cells with the primed red blood cells.  

25. The method of one or more of examples 18 to 23, wherein the one or more primed 

red blood cell components administered is the primed red blood cells.
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26. The method of one or more of examples 18 to 23, wherein the one or more primed 

red blood cell components administered is the supernatant obtained from 

incubation or culture of the primed red blood cells.  

27. The method of one or more of examples 18 to 23, wherein the one or more primed 

5 red blood cell components administered is lysate obtained from the primed red 

blood cells.  

28. The method of one or more of examples 15 to 20, wherein the one or more primed 

red blood cell components administered is membranes obtained from the primed 

red blood cells.  

10 29. The method of one or more of examples 18 to 23, wherein the one or more primed 

red blood cell components administered is red blood cell ghosts produced from the 

primed red blood cells.  

30. The method of example 24, wherein the target cells are from a subject.  

31. The method of example 24, wherein the target cells are within a subject.  

is 32. The method of one or more of examples 18 to 30, wherein the target cells are 

administered to a subject.  

33. The method of one or more of examples 18 to 30, wherein one or more target cell 

components selected from the group consisting of target cells, target cell ghosts, 

target cell membranes, target cell lysates, target cell fractions, and supernatant 

20 produced by incubating or culturing target cells are administered to a subject.  

34. The method of one of more of examples 18 to 30, wherein one or more of the 

primed red blood cells, primed red blood cell components, target cells and target 

cell components are administered to the subject.  

35. The method of one or more of examples 18 to 30, wherein one or more of the 

25 primed red blood cells, primed red blood cell components, target cells or target 

cell components are administered to the subject by one or more routes selected 

from the group consisting of systemically, locally, intravenously, subcutaneously, 

intra-articularly, intramuscularly, intrathecally, and intraperitoneally.
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36. The method of one or more of examples 18 to 35, wherein the subject has a disease 

or disorder.  

37. A method of preventing, treating, or ameliorating a disease or disorder comprising 

administering to a subject in need thereof red blood cells or target cells produced 

5 according to one or more of examples I to 36.  

38. The method of example 37, wherein the red blood cells or target cells are 

administered to the subject by one or more routes selected from the group 

consisting of systemically, locally, intravenously, subcutaneously, intra-articularly, 

intramuscularly, intrathecally, and intraperitoneally.  

10 39. The method of example 37, wherein the subject is a human or non-human mammal.  

40. The method of example 37, wherein the subject is a mammal, bird, fish, reptile, or 

amphibian.  

41. The method of example 37, wherein the subject is a human, mouse, rat, hamster, 

ferret, gerbil, rabbit, monkey, chimpanzee, horse, pony, donkey, sheep, pig, 

is chicken, goat, cat, or dog.  

42. The method of example 37, wherein the disease or disorder is selected from the 

group consisting of cancer, infectious disease, organ failure, autoimmune disease, 

autoimmune disorders, inflammation,and immune deficiency.  

43. A method of priming red blood cells comprising: 

20 a.) measuring the level of one of more proteins associated with the red blood 

cells; 

b.) contacting the red blood cells with at least one agent or at least one 

condition; 

c.) measuring the level of the one or more proteins associated with the red 

25 blood cells; and 

d.) comparing the level ofthe one or more proteins associated with the red 

blood cells before being contacted with the at least one agent or at least one condition
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with the level of the one or more proteins associated with the red blood cells after being 

contacted with the at least one agent or at least one condition, 

wherein a difference in the level of at least one of the one or more proteins 

associated with red blood cells indicates that the red blood cells have been primed.  

5 44. The method of example 43, wherein the level of one or more proteins, two or more 

proteins, three of more proteins, four or more proteins, five or more proteins, six 

or more proteins, seven or more proteins, eight or more proteins, nine or more 

proteins, ten or more proteins, eleven or more proteins, twelve or more proteins, 

thirteen or more proteins, fourteen or more proteins, or fifteen or more proteins 

10 associated with red blood cells is measured.  

45. The method of example 44, wherein the level of three of more proteins associated 

with red blood cells is measured.  

46. The method of one or more of examples 43 to 48, wherein there is a difference in 

the level of at least one, at least two, at least three, at least four, at least five, at 

15 least six, at least seven, at least eight, at least nine, at least ten, at least eleven, at 

least twelve, at least thirteen, at least fourteen, or at least fifteen of the one or more 

proteins associated with the red blood cells.  

47. The method of example 46, wherein there is a difference in the level of at least three 

proteins associated with the red blood cells.  

20 48. The method of one or more of examples 43 to 47, wherein the difference in the 

level of the one or more proteins associated with red blood cells before being 

contacted with at least one agent or at least one condition compared to the level of 

the one or more proteins associated with red blood cells after being contacted with 

at least one agent or at least one conditions is determined by a statistical analysis 

25 selected from the group consisting of a Student's T test, an ANOVA test, a mixed

effects model, a Mann-Whitney test, a Wilcoxon rank sum, and a Spearmans rank 

correlation.
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49. The method of one or more of examples 43 to 48, wherein there is an increase 

and/or decrease in the level of one or more of the proteins associated with red 

blood cells.  

50. The method of one or more of examples 43 to 48, wherein there is an increase 

5 and/or decrease in the level of at least one of the one or more proteins associated 

with the red blood cells.  

51. The method of one or more of examples 43 to 48, wherein there is an increase in the 

level of at least one of the one or more proteins associated with the red blood cells.  

52. The method of one or more of examples 43 to 48, wherein there is a decrease in the 

10 level of at least one of the one or more proteins associated with the red blood cells.  

53. The method of one or more of examples 43 to 48, wherein the level of the one or 

more proteins associated with red blood cells is measured using one or more 

antibodies.  

54. The method of one or more of examples 43 to 48, wherein the one or more proteins 

is are selected from the group consisting of chemokines, cytokines, growth factors, 

receptors, intracellular signal transmitters, hormones, nuclear transcription factors, 

neurotransmitters, and extracellular matrix components, and enzymes.  

55. The method of example 54, wherein the one or more proteins are selected from the 

group consisting of chemokines, cytokines, and growth factors.  

20 56. The method of one or more of examples 43 to 49, wherein the at least one agent is 

one or more agents selected from the group consisting of proteins, enzymes, 

nucleic acids, protease inhibitors, protein denaturation agents, RNA stabilizers, 

anticoagulants, and cells.  

57. The method one or more of examples 43 to 49, wherein the at least one condition is 

25 shear stress, hypoxia, or hyperoxia.  

58. The method of one or more of examples 43 to 57, wherein the primed red blood 

cells modulate the activity of one or more target cells.
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59. The method of one or more of examples 43 to 58, wherein the primed red blood 

cells are administered to a subject.  

60. A method for increasing or decreasing levels of a target protein on or within cells of 

a subject, the method comprising: 

5 treating red blood cells (RBC) to increase or decrease levels of a target protein 

present within the RBC and/or associated with a surface of the RBC, and 

administering to the subject one or more of: 

(i) the RBC after said treating, 

(ii) RBC lysate, RBC membranes, and/or RBC ghosts obtained from lysing 

10 the RBC during and/or after said treating, 

(iii) cell wash obtained from washing the RBC during and/or after said 

treating, 

(iv) culture supernatant obtained from a culture of the RBC generated during 

and/or after said treating, 

15 (v) combinations of (i) - (iv); 

to thereby increase or decrease the levels of the target protein on or within the cells.  

61. The method according to example 60, wherein the RBC subjected to said treating 

are obtained from the subject.  

20 62. The method according to example 60, wherein the RBC subjected to said treating 

are not obtained from the subject.  

63. The method according to one more of examples 60 to 62, wherein the RBC 

administered to the subject are RBC ghosts.  

64. The method according to one or more of examples 60 to 63, wherein said increasing 

25 or decreasing levels of a target protein induces or modulates: an immune response, 

cell development, cell growth, and/or cell repair in the subject.  

65. The method according to example 64, wherein said increasing or decreasing levels 

of a target protein induces or modulates an immune response in the subject.  

66. The method according to one or more of examples 60 to 65, wherein:
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(i) the RBC 

(ii) the RBC lysate, RBC membranes, and/or RBC ghosts 

(iii) the cell wash 

(iv) the culture supernatant, or 

5 (v) combinations of (i) - (iv); 

are administered to the subject systemically, locally, intravenously, subcutaneously, 

intra-articularly, intramuscularly, intrathecally, and/or intraperitoneally.  

67. The method according to one or more of examples 60 to 66, wherein the subject is a 

10 mammalian subject, a human subject, or both.  

68. A method for inducing or modulating the function of target cells, the method 

comprising: 

treating RBC to increase or decrease levels of a target protein present within 

or associated with a surface of the RBC; and 

is mixing the target cells with one or more of: 

(i) the RBC after said treating, 

(ii) RBC lysate, RBC membranes, and/or RBC ghosts obtained from lysing 

the RBC during and/or after said treating, 

(iii) cell wash obtained from washing the RBC during and/or after said 

20 treating, 

(iv) culture supernatant obtained from a culture of the RBC generated during 

and/or after said treating, 

(v) combinations of (i) - (iv); 

to thereby induce or modulate the function of the target cells.  

25 

69. The method according to example 68, wherein the target cells are one or more of 

immune cells, cancer cells, stem cells, endothelial cells, fibroblasts, synovial cells, 

and/or myeloid cells.  

70. The method according to example 69, wherein the immune cells are one or more of 

30 T lymphocytes, B lymphocytes, monocytes, macrophages, dendritic cells, natural 

killer cells, neutrophils, eosinophils, and/or basophils.
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71. The method according to example 69, wherein the cancer cells are one or more of 

tumour cells, solid tumour cells, disseminated tumour cells, and/or cancerous 

blood cells.  

72. The method according to example 69, wherein the stem cells are one or more of: 

5 totipotent stem cells, pluripotent stem cells, multipotent stem cells, tissue stem 

cells, embryonic stem cells, human embryonic stem cells (HeSC), somatic stem 

cells, hematopoietic stem cells (e.g. from umbilical cord blood, bone marrow), 

bone marrow stromal stem cells (skeletal stem cells), induced pluripotent stem 

cells (IPSO), epidermal stem cells, epithelial stem cells, mesenchymal stem cells, 

10 neural stem cells, mesenchymal stem cells, and/or combinations thereof.  

73. The method according to example 69 or example 72, wherein the target cells are 

stem cells and said mixing primes the stem cells towards a specific cell lineage.  

74. The method according to one or more of examples 68 to 73, further comprising 

administering to a subject suffering from or susceptible to developing a given 

is disease or disorder: 

(i) the target cells after said mixing, 

(ii) target cell lysate, target cell membranes, and/or target cell ghosts obtained 

from lysing the target cells during and/or after said treating, 

(i) cell wash obtained from washing the target cells during and/or after said 

20 treating, 

(ii) culture supernatant obtained from a culture of the target cells generated during 

and/or after said treating, 

(iii) combinations of (i) - (iv).  

25 75. The method according to example 74, wherein: 

(i) the target cells, 

(ii) the target cell lysate, target cell membranes, and/or target cell ghosts, 

(iii) the target cell wash, 

(iv) the target cell culture supernatant, or 

30 (v) combinations of (i) - (iv);
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are administered to the subject systemically, locally, intravenously, subcutaneously, 

intra-artcularly, intramuscularly, intrathecally, and/or intraperitoneally.  

76. The method according to example 74 or example 75, further comprising 

5 administering to the subject: 

(i) the RBC, 

(ii) the RBC lysate, RBC membranes, and/or RBC ghosts, 

(iii) the cell wash, 

(iv) the culture supernatant, or 

10 (v) combinations of (i) - (iv).  

77. 18. The method according to example 76, wherein: 

(i) the RBC, 

(ii) the RBC lysate, RBC membranes, and/or RBC ghosts, 

is (iii) the cell wash, 

(iv) the culture supernatant, or 

(v) combinations of (i) - (iv); 

are administered to the subject systemically, locally, intravenously, subcutaneously, 

intra-artcularly, intramuscularly, intrathecally, and/or intraperitoneally.  

20 

78. The method according to example 76 or example 77, wherein: 

(i) the target cells, 

(ii) the target cell lysate, target cell membranes, and/or target cell ghosts, 

(iii) the target cell wash, 

25 (iv) the target cell culture supernatant, or 

(v) combinations of (i) - (iv); 

are administered to the subject locally, and 

(i) the RBC, 

(ii) the RBC lysate, RBC membranes, and/or RBC ghosts, 

30 (iii) the cell wash, 

(iv) the culture supernatant, or 

(v) combinations of (i) - (iv);
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are administered to the subject systemically or locally.  

79. The method according to one or more of examples 74 to 78, wherein the subject is a 

mammalian subject, a human subject, or both.  

5 80. The method according to one or more of examples 74 to 80, wherein the subject is 

suffering from a tissue injury, cancer, an inflammatory disease or condition, or an 

immune disorder.  

81. The method according to one or more of examples 68 to 80, wherein the RBC 

and/or the target cells are obtained from the subject.  

10 82. The method according to one or more of examples 68 to 80, wherein the RBC 

and/or the target cells are not obtained from the subject.  

83. The method according to one or more of examples 60 to 82, wherein said treating 

comprises one or more of: 

contacting the red blood cells with a protease inhibitor, 

15 contacting the red blood cells with an anticoagulant, 

lysing the red blood cells, 

subjecting the red blood cells to shear stress, 

treating the red blood cells with oxygen, 

depriving the red blood cells of oxygen.  

20 

84. The method according to example 83, wherein the protease inhibitor is selected 

from the group consisting of: aprotinin, leupeptin, a2-macroglobulin, antipain 

dihydrochloride, calpain inhibitor 1, calpain inhibitor 11, chymostatin, TLCK (CAS 

131918-97-3), trypsin-inhibitor, Pefabloc SC (Roche), PMSF (C6H5CH2SO2F 

25 Thermo Fisher Scientific), complete protease inhibitor cocktail (Roche), and 

combinations thereof.  

85. The method according to example 83, wherein the anticoagulant is selected from 

the group consisting of: heparin, citrate, acid citrate dextrose, EDTA, and 

combinations thereof.
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86. The method according to one or more of examples 60 to 85, wherein the target 

protein is one or more of: a cytokine, a chemokine, or a growth factor.  

87. The method according to one or more of examples 60 to 86, wherein the target 

protein is an inflammatory cytokine or an inflammatory chemokine.  

5 88. The method according to one or more of examples 60 to 87, wherein said levels of 

the target protein are increased.  

89. The method according to example 88, wherein the target protein is selected from the 

group consisting of: CTACK, GRO-a, pFGF, G-CSF, CM-CSF, HGF, IFN-a2, 

IFN-y, IL-Ia, IL-1 , IL-2, IL-2ra, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, 

10 IL-12-40, IL-12p70, IL-13, IL-IS, IL-16, IL-17, IL-18, IP-10, LIF, MCP-1, M

CSF, MIF, MIG, MIP-la, MIP- IP, -NGF, PDGF-bb, RANTES, SDF- a, TNF-a, 

TNF-P, TRAIL, VEGF, and combinations thereof.  

90. The method according to one or more of examples 60 to 87, wherein said levels of 

the target protein are decreased.  

15 91. The method according to example 90, wherein the target protein is selected from the 

group consisting of: IFN-a2, IFN-y, IL-J , IL-8, IL-9, IL-12p70, IL-16, IL17, IL

18, MIF, TNF-a, IL-2ra, IL-4, CTACK, GRO-a, IL-IS, MCP-I, MIP- GRO-a, 

MIP-I P, RANTES, SDF-Ia, FGF, G-CSF, GM-CSF, HGF, IL-3, IP-10, M-CSF, 

PDFG-bb, VEGF, IL-2, IL-6, IL-12p40, and combinations thereof.  

20 92. The method according to one or more of examples 60 to 91, wherein the method is 

used as an adjunct therapy.  

93. The method according to example 92, wherein the method is used as an adjunct 

therapy for treatment of tissue injury, cancer, an inflammatory disease or 

condition, and/or an immune disorder.  

25



CLAIMS 

1. A method of modulating the activity of target cells comprising: 

a) producing primed red blood cells by contacting red blood cells with at least 

one agent that modulates the level of one or more proteins associated with the red 

blood cells, wherein the at least one agent is a cell, and wherein the one or more 

proteins associated with the red blood cells is selected from the group consisting of 

basic FGF, Eotaxin, G-CSF, GM-CSF, IFN-y, IL-i, ILIra, IL-2, IL-4, IL-5, IL-6, IL

7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL-17, IP-10, MCP-1, MIP-la, MIP

1p, PDGF-BB, RANTES, TNF-a, VEGF, IL-la, IL-2Ra, IL-3, IL-12, IL-16, IL-18, 

CTACK, GRO-a, HGF, IFN-a2, LIF, MCP-3, M-CSF, MIF, MIG, p-NGF, SCF, 

SCGF-j, SDF-la, TNF-j, and TRAIL; 

b) separating the primed red blood cells from the at least one agent; and 

c) mixing the target cells with one or more primed red blood cell components 

selected from the group consisting of: 

(i) the separated primed red blood cells; 

(ii) supernatant obtained from incubating or culturing the separated primed red 

blood cells; 

(iii) lysate obtained from the separated primed red blood cells; 

(iv) membranes obtained from the separated primed red blood cells; and 

(v) red blood cell ghosts produced from the separated primed red blood cells; 

wherein mixing the target cells with the one or more separated primed red blood cell 

components modulates the activity of the target cells.  

2. The method of claim 1, wherein the primed red blood cells modulate one or more 

activities of the target cells selected from the group consisting of cell signaling, immune 

response, cell development, cell growth, cell death, inhibition of cell growth, and cell repair.  

3. The method of claim 2, wherein the target cells are one or more selected from the 

group consisting of immune cells, immortalized cells, cancer cells, stem cells, endothelial 

cells, fibroblasts, and synovial cells.  

4. The method of any one of claims I to 3, wherein the target cells are from a subject.  

5. The method of any one of claims 1 to 4, wherein the modulated target cells or target 

cell components from said modulated target cells are administered to a subject.  
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6. The method of claim 5, wherein one or more of the modulated target cells or the target 

cell components from said modulated target cells are administered to the subject are selected 

from the group consisting of target cell ghosts, target cell membranes, target cell lysates, and 

supernatant produced by incubating or culturing target cells.  

7. The method of claim 6, wherein administration of the one or more of the modulated 

target cells or the target cell components from said modulated target cells treats the disease or 

disorder in said subject.  

8. The method of any one of claims 5 to 7, wherein one or more of the modulated target 

cells or the target cell components from said modulated target cells are administered to the 

subject by one or more routes selected from the group consisting of systemically, locally, 

intravenously, subcutaneously, intraarticularly, intramuscularly, intrathecally, and 

intraperitoneally.  

9. The method of any one of claims 5 to 8, wherein the subject has a disease or disorder 

selected from the group consisting of cancer, infectious disease, organ failure, autoimmune 

disease, autoimmune disorders, inflammation, and immune deficiency.  

10. The method of any one of claims I to 9, wherein the one of more proteins associated 

with the red blood cells is selected from the group consisting of basic FGF, Eotaxin, G-CSF, 

GM-CSF, IFN-y, IL-i, ILIra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL

13, IL-15, IL-17, IP-10, MCP-1, MIP-la, MIP-1 , PDGF-BB, RANTES, TNF-a, and VEGF.  

11. The method of any one of claims 1 to 9, wherein the one of more proteins associated with 

the red blood cells is selected from the group consisting of IL-a, IL-2Ra, IL-3, IL-12, IL-16, 

IL-18, CTACK, GRO-a, HGF, IFN-a2, LIF, MCP-3, M-CSF, MIF, MIG, p-NGF, SCF, SCGF

p, SDF-la, TNF-j, and TRAIL.  

12. The method of any one of claims I to 9, wherein at least one of the one or more proteins 

associated with the red blood cells is selected from the group consisting of Eotaxin, GM-CSF, 

IFN-y, IL-iB, ILIra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, 

IL-17, IP-10, MCP-i, MIP-la, MIP-1B, RANTES, TNF-a, IL-la, IL-2Ra, IL-3, IL-12, IL-16, 

IL-18, CTACK, Gro-a, IFN-a2, LIF, MCP-3, M-CSF, MIF, MIG, SCF, SDF-la, TNF-8, and 

TRAIL.  

13. The method of claim 12, wherein at least one of the one or more proteins associated with 

the red blood cells is selected from the group consisting of IFN-y, IL-IB, ILIra, IL-2, IL-4, 

IL-5, IL-6, 11-7, IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL-17, IP-10, MCP-i, MIP-la, 
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MIP-1B, RANTES, TNF-a, IL-la, IL-2Ra, IL-3, IL12, IL-16, IL18, CTACK, Gro-a, IFN-a2, 

LIF, MCP-3, M-CSF, MIF, MIG, SCF, SDF-la, TNF-8, and TRAIL.  

14. The method of any one of claims I to 9, wherein at least one of the one or more proteins 

associated with the red blood cells is selected from the group consisting of basic FGF, G

CSF, ILlra, IL-5, PDGF-BB, VEGF, HGF, -NGF, and SCGF-.  
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