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METHODS OF DETECTING DONOR-SPECIFIC ANTIBODIES AND SYSTEMS 
FOR PRACTICING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to the filing date of United States Provisional

Patent Application Serial No. 61/782,003, filed March 14, 2013, the disclosure of which is 

incorporated herein by reference in its entirety.

BACKGROUND

[0002] Over 100,000 solid organ transplants are performed annually worldwide,

including tens of thousands performed annually in the United States. Despite significant 

improvements in immunosuppression and post-transplant care, long term graft function is 

less than optimal. In the United States, adjusted 10 year allograft survival rates for deceased 

and living donor kidney transplants are only about 40% and 60%, respectively. Early and 

late stage graft failure, secondary to antibody mediated rejection (AMR) is a significant 

cause of poor graft survival.

[0003] Antibodies to Human Leukocyte Antigens (HLA) are circulating antibodies

present in the transplant candidate or recipient’s blood which are the result of an earlier 

sensitization event (blood transfusion, previous transplant, or pregnancy). Donor specific 

antibodies (DSA) present pre-transplant can cause hyper-acute rejection and immediate graft 

loss and are assessed by a pre-transplant crossmatch. In more recent years, the concept of 

monitoring for the post-transplant development of clinically relevant antibodies directed 

against donor specific HLA class I and class II mismatches has been a significant area of 

interest within the transplant community. Whether detected pre- or post-transplant, the 

presence of antibodies directed against antigens expressed on donor organs, when not treated 

clinically, results in an immune attack on the transplanted organ, and increases risk of graft 

loss and/or rejection. DSA attacks, among others, the endothelium of the allograft, and can 

result in subsequent biopsy proven AMR and acute injury requiring augmented 

immunosuppression. The progression of DSA development and the corresponding clinical 

events compound to damage the allograft, resulting in chronic changes over time that 

ultimately compromise graft function and survival.

[0004] Antibody mediated rejection can present as an early acute process, resulting

from an anamnestic response or de novo antibody production, or as a late and chronic 

process due to de novo antibody production. In the acute phase, it is often preformed 

antibodies that cause early rejection, but de novo DSA can also develop in the early post-
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transplant period, resulting in acute rejection. Patients with preformed DSA are at significantly

greater risk of having an acute AMR and have significantly lower graft survival.

[0005] Chronic rejection is one of the leading causes of death-censored graft loss.
Repeated cycles of alloantibody-mediated injury and repair result in distinct changes in the 
microvasculature of the allograft. Patients with preformed DSA and those who develop de novo 
DSA are at an increased risk of having chronic rejection.

SUMMARY

[0006] Provided are methods for determining the presence or absence of donor specific
antibodies in a biological sample. The methods include forming a mixture by combining a 

cellular sample from a donor with a biological sample from a recipient under conditions 
sufficient for recipient immune antibodies, if present, to bind to donor cell surface antigen (Ag) 
to form an immune antibody-Ag complex, contacting the mixture with beads comprising an 

antibody that specifically binds the immune antibody-Ag complex (e.g., the Ag or immune 
antibody) on a surface thereof, adding under lysis conditions a detectably-labeled antibody that 
specifically binds the immune antibody-Ag complex bound to the beads, and detecting the 
presence or absence of the detectably-labeled antibody bound to the immune antibody-Ag 
complex to determine the presence or absence of donor specific antibodies in the biological 
sample from the recipient. Systems and kits for practicing the subject methods are also provided. 
[0006a] Reference to any prior art in the specification is not, and should not be taken as, 

an acknowledgment, or any form of suggestion, that this prior art forms part of the common 
general knowledge in Australia or any other jurisdiction or that this prior art could reasonably be 
expected to be ascertained, understood and regarded as relevant by a person skilled in the art. 
[0006b] As used herein, the term "comprise" and variations of the term, such as 

"comprising", "comprises" and "comprised", are not intended to exclude other additives, 
components, integers or steps.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The invention may be best understood from the following detailed description
when read in conjunction with the accompanying drawings. Included in the drawings are the 
following figures:
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[0008] FIG. 1 schematically illustrates a method for determining the presence or absence
of donor specific antibodies in a biological sample according to one embodiment of the present
disclosure.
[0009] FIG. 2 schematically illustrates a method for determining the presence or absence
of donor specific antibodies in a biological sample according to a second embodiment of the 
present disclosure.

[0010] FIG. 3 shows results of a DSA-FXM experiment involving simultaneous capture
and labeling of DSAs. Four samples were tested by DSA-FXM using HLA-Class I and Class II 
beads distinguished by the internal fluorescence ID of each bead. Increasing
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fluorescence (positive signal) due to HLA specific antibody is shown on the X axis. FIG. 3,

panel A: both HLA-Class I (C-I) and Class II (C-II) donor specific antibody (DSA) were

negative (CI-/CII-); FIG. 3, panel B: only C-II DSA was positive (CI-/CII+); FIG. 3, panel

C: only C-I DSA was positive (CI+/CII-); and FIG. 3, panel D: both CI and C-II DSAs were

positive (CI+/CII+).

[0011] FIG. 4 shows results of a DSA-FXM experiment involving sequential capture

and labeling of DSAs. A negative AB serum (Sample A) and three positive sera (Samples 

B, C and D) were tested by DSA-FXM. Sample A: both C-I and C-II DSA negative; Sample 

B: both C-I and C-II DSA positive; Sample C: only C-I DSA positive and C-II DSA 

negative; Sample D: only C-II DSA positive and C-I DSA negative.

[0012] FIG. 5 provides results of a DSA-FXM experiment. A pool of HEA-Ab

positive sera (PPS) in different dilutions was tested against various cell numbers by FXM, 

DSA-FXM, and LMX-IgG. The results show DSA-FXM is the most sensitive method for 

detecting DSA and uses many fewer cells (e.g. DSA can be detected with as few as 25,000 

cells) when compared with standard methods. LMX-IgG defines the HLA specificities 

contained in the PPS serum on a Luminex platform using single antigen beads and the values 

shown are the mean fluorescence intensities (MFI). Values greater than or equal to 1000 

MFI are considered positive; values between 500-999 MFI are considered possible positives 

(equivocal).

[0013] FIG. 6 shows results of a DSA-FXM experiment. Twenty-three CAP (the

College of American Pathologists) external proficiency samples were tested by DSA-FXM 

simultaneously with the blinded challenge and in parallel with the regular flow cytometry 

crossmatch (FXM) and standard Luminex antibody screening on single antigen beads 

(LMX-IgG). The donor specific antibodies (DSAs) of HLA-class I (C-I) and/or HLA-II (C­

II) were identified and most DSAs were further confirmed by LMX-IgG. Some extra DSA 

with low MCS were only detected with the more sensitive DSA-FXM method. External 

proficiency samples are sera and cells with known specificities. The specificities of the sera 

are blinded to the participants until all results are received from all participating centers.

[0014] FIG. 7 provides results of a DSA-FXM experiment. Seven HLA-DQ DSA

positive samples were identified by LMX-IgG and confirmed by DSA-FXM. Historically, it 

has been impossible to detect all specific DSA to DQ by any kind of DSA assay involving 

cells or cell extracts.

[0015] FIG. 8 shows results of a DSA-FXM experiment. Six HLA-DP DSA

positive samples were identified by LMX-IgG and confirmed by DSA-FXM.
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[0016] FIG. 9 provides results of a DSA-FXM experiment. Three HLA-C DSA

positive samples were identified by LMX-IgG and confirmed by DSA-FXM.

[0017] FIG. 10 shows experimental results from a DSA-FXM testing procedure.

Panel A: both HLA-Class I (C-I) and Class II (C-II) donor specific antibody (DSA) were 

negative (CI-/CII-); Panel B: only C-I DSA was positive (CI+/CII-); Panel C: only C-II DSA 

was positive (CI-/CII+); and Panel D: both CI and C-II DSAs were positive (CI+/CII+).

[0018] FIG. 11 provides results of 117 separate DSA-FXM tests with known class I

and class II DSA reactivity or lack thereof, showing mutually exclusive patterns of reactivity 

correlated with the known DSA profiles.

[0019] FIG. 12 shows a sensitivity comparison of FXM, DSA-FXM, and LMX-IgG

single antigen bead assay for a class I specific DSA (B7), showing that DSA-FXM can 

detect specific HLA class I DSA on the target cell even when the other two tests are 

negative.

[0020] FIG. 13 shows a sensitivity comparison of FXM, DSA-FXM, and LMX-IgG

single antigen bead assay for a class II specific DSA (DR4), showing that DSA-FXM can 

detect specific HLA class II DSA on the target cell even when the other two tests are 

negative.

[0021] FIG. 14 Panels A and B show the Pearson correlation between DSA-FXM

and LMX-IgG SAB results for 95 class I DSA (Panel A) and 100 class II DSA (Panel B) 

FXM comparisons. Panel C shows sensitivity and specificity percentages for class I and II 

using IgG DSA as the standard. Panel D shows a comparison of LMX-IgG SAB, LMX-Clq 

SAB, FXM, and DSA-FXM on 7 serum samples (6 individuals). Discrepancies related to 

over-reactivity of the LMX-SAB. In conjunction with Fig. 15, results show that the LMX- 

IgG SAB give false positive reactions (i.e., DSA positive when both FXM and DSA-FXM 

are negative). This contributes to the lower specificity shown in Fig. 15.

[0022] FIG. 15 shows a comparison of FXM and DSA-FXM on 15 patients, 12 of

whom had autoantibody by FXM to antigens of unknown specificity (lower panel). Four of 

these patients (P12-P-15) had autoantibody directed to HLA as determined by DSA-FXM 

(upper panel)

[0023] FIG. 16 shows as comparison of the ability of FXM and DSA-FXM to

distinguish positive reactions due to DSA class (I and/or II). DSA-FXM headers: CI beads 

detect all class I, Clla detects DQ, CHb detects all DR and DP but only some DQ. Shown are 

four different types of results. Cases 1 and 3 both have positive B cell FXMs, but Case 1 is 

due to class I alloantibody whereas Case 3 is due to Class II alloantibody. Cases 2 and 4 both 
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have positive T and B FXMs, but Case 2 is due to autoantibody, whereas Case 4 is due to

class I alloantibody.

[0024] FIG. 17 Panel A shows DSA-FXM results for class I DS A on serum diluted

1:2 in buffer and 1:2 in intravenous immunoglobulin (IVIG). IVIG is used for 

desensitization to HEA, to lower antibody. The usual FXM shows increases in the IVIG 

treated sample compared to buffer (data not shown) due to the presence of the second step 

anti-IgG reagent and broad reactivity of the IVIG with unknown targets on the cell surface. 

The DSA-FXM shows inhibition of the IVIG because the detection is specific to HLA. Thus 

the DSA-FXM reveals efficacy of treatment. Panel B shows DSA-FXM results for class II 

DS A on serum diluted 1:2 in buffer and 1:2 in intravenous immunoglobulin (IVIG). IVIG is 

used for desensitization to HLA, to lower antibody. The usual FXM shows increases in the 

IVIG treated sample compared to buffer (data not shown) due to the presence of the second 

step anti-IgG reagent and broad reactivity of the IVIG with unknown targets on the cell 

surface. The DSA-FXM shows inhibition of the IVIG because the detection is specific to 

HLA. Thus the DSA-FXM reveals efficacy of treatment.

[0025] FIG. 18 Panel A shows results of a positive DS A serum spiked with 5% IVIG

and tested at different dilutions by DSA-FXM. Results showed that IVIG had a dose­

dependent inhibition on both HLA class I DSAs. Panel B shows results of a positive DSA 

serum spiked with 5% IVIG and tested at different dilutions by DSA-FXM. Results showed 

that IVIG had a dose-dependent inhibition on both HLA class II DSAs.

[0026] FIG. 19 shows FXM and DSA-FXM results on serial samples from a kidney

candidate undergoing IVIG desensitization treatment to prospectively lower/abrogate DSA 

to an identified potential living donor. FXM results show increased MCS values due to IVIG 

and Rituxan (therapeutic anti-CD20, a marker of B cells) while DSA-FXM results show 

inhibition (efficacy) of the IVIG and MCS values in the range acceptable for transplant even 

in the presence of the therapeutic antibodies.

DEFINITIONS

[0027] By ‘ ‘donor specific antibodies” or “DSAs” is meant antibodies present in a

recipient that specifically bind to donor antigens (e.g., donor cell surface antigens). The 

DSAs may be “pre-formed” (e.g., present in the recipient prior to receiving a transplant or 

transfusion from a donor) and/or de novo DSAs which are produced by the recipient in 

response to having been pregnant, or receiving a transplant or transfusion from one or more 

donors. The DSAs can, in some cases, be autologous DSAs (autoantibodies) that bind to cell
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surface components of the recipient’s own cells. In certain aspects, the DS As are

complement-fixing antibodies (CFAbs). In certain aspects, the DS As are against HEA

antigens.

[0028] An "affinity reagent" of the subject invention has an analyte binding domain,

moiety, or component that has a high binding affinity for a target analyte. By high binding 

affinity is meant a binding affinity of at least about 10’4 M, usually at least about 10’6 M or 

higher, e.g., 10’9M or higher. The affinity reagent may be any of a variety of different types 

of molecules, so long as it exhibits the requisite binding affinity for the target protein when 

present as tagged affinity ligand.

[0029] As such, the affinity reagent may be a small molecule or large molecule

ligand. By small molecule ligand is meant a ligand ranging in size from about 50 to about 

10,000 daltons, usually from about 50 to about 5,000 daltons and more usually from about 

100 to about 1000 daltons. By large molecule is meant a ligand in size from about 10,000 

daltons or greater in molecular weight.

[0030] Of particular interest as large molecule affinity ligands are antibodies, as well

as binding fragments and mimetics thereof. Where antibodies are the affinity ligand, they 

may be derived from polyclonal compositions, such that a heterogeneous population of 

antibodies differing by specificity are each tagged with the same tag. As such, the affinity 

ligand may be a monoclonal, oligoclonal, and/or polyclonal antibody. The affinity ligand 

may be an antibody binding fragment or mimetic, where these fragments and mimetics have 

the requisite binding affinity for the target protein. For example, antibody fragments, such as 

Fv, (Fab’)2, and Fab may be prepared by cleavage of the intact protein, e.g. by protease or 

chemical cleavage. Also of interest are recombinantly produced antibody fragments, such as 

single chain antibodies or scFvs, where such recombinantly produced antibody fragments 

retain the binding characteristics of the above antibodies. Such recombinantly produced 

antibody fragments generally include at least the VH and VE domains of the subject 

antibodies, so as to retain the binding characteristics of the subject antibodies. These 

recombinantly produced antibody fragments or mimetics of the subject invention may be 

readily prepared using any convenient methodology, such as the methodology disclosed in 

U.S. Patent Nos. 5,851,829 and 5,965,371; the disclosures of which are herein incorporated 

by reference.

[0031] The above described antibodies, fragments and mimetics thereof may be

obtained from commercial sources and/or prepared using any convenient technology, where 

methods of producing polyclonal antibodies, oligoclonal antibodies, monoclonal antibodies, 
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fragments and mimetics thereof, including recombinant derivatives thereof, are known to

those of skill in the art.

[0032] By “epitope” is meant a site on an antigen to which specific B cells and/or T

cells respond. The term is also used interchangeably with "antigenic determinant" or 

"antigenic determinant site." An epitope can comprise 1 or more amino acids, such as three 

or more amino acids, in a spatial conformation unique to the epitope. An epitope may 

include from 1-10 amino acids, such as from 1-5 amino acids, e.g., 1, 2, 3, 4, or 5 amino 

acids. Methods of determining spatial conformation of amino acids are known in the art and 

include, for example, X-ray crystallography and 2-dimensional nuclear magnetic resonance. 

Furthermore, the identification of epitopes in a given protein is readily accomplished using 

techniques well known in the art. See, e.g., Geysen et al., Proc. Natl. Acad. Sei. USA (1984) 

81:3998-4002 (general method of rapidly synthesizing peptides to determine the location of 

immunogenic epitopes in a given antigen); U.S. Pat. No. 4,708,871 (procedures for 

identifying and chemically synthesizing epitopes of antigens); and Geysen et al., Molecular 

Immunology (1986) 23:709-715 (technique for identifying peptides with high affinity for a 

given antibody). Antibodies that recognize the same epitope can be identified in a simple 

immunoassay showing the ability of one antibody to block the binding of another antibody 

to a target antigen.

[0033] By "binds specifically" or “specifically binds” is meant high avidity and/or

high affinity binding of an antibody to a specific antigen or epitope. Antibody binding to its 

epitope on a specific antigen is with a greater avidity and/or affinity than binding of the same 

antibody to different epitopes, particularly different epitopes that may be present in 

molecules in association with, or in the same sample, as a specific antigen of interest. 

Complement fixing antibodies may, however, have the same or similar avidity and/or 

affinity for various epitopes on different antigens of interest. As such, “binds specifically” 

or “specifically binds” is not meant to preclude a given complement fixing antibody from 

binding to more than one antigen of interest. Antibodies that bind specifically to a 

polypeptide of interest may be capable of binding other polypeptides at a weak, yet 

detectable, level (e.g., 10% or less of the binding shown to the polypeptide of interest). Such 

weak binding, or background binding, is readily discernible from the specific antibody 

binding to the polypeptide of interest, e.g., by use of appropriate controls.

[0034] By "detectably-labeled” antibody is meant an antibody having an attached

detectable label, where the antibody is capable of binding specifically to another molecule, 

e.g., another antibody (such as an IgG antibody). The detectably-labeled antibody retains
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binding specificity. The detectable label may be attached by chemical conjugation, or where 

the label is a polypeptide, it could be attached by genetic engineering techniques. Methods 

for production of detectably-labeled antibodies are well known in the art. Detectable labels 

may be selected from a variety of such labels known in the art, including radioisotopes, 

chromophores, fluorophores, fluorochromes, enzymes (e.g., horseradish peroxidase), linker 

molecules or other moieties or compounds which either emit a detectable signal (e.g., 

radioactivity, fluorescence, color) or emit a detectable signal after exposure of the label to its 

substrate. Various detectable label/substrate pairs (e.g., horseradish 

peroxidase/diaminobenzidine, biotin/streptavidin, luciferase/luciferin), methods for labeling 

antibodies, and methods for using labeled secondary antibodies to detect an antigen are well 

known in the art. See, e.g., Harlow and Lane, eds. (Using Antibodies: A Laboratory Manual 

(1999) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.).

[0035] By ‘ ‘isolated” is meant a compound of interest that is in an environment

different from that in which the compound naturally occurs. “Isolated” is meant to include 

compounds that are within samples that are substantially enriched for the compound of 

interest and/or in which the compound of interest is partially or substantially purified. The 

term “isolated” encompasses instances in which compound is unaccompanied by at least 

some of the material with which it is normally associated in its natural state. For example, 

the term “isolated” with respect to a polypeptide generally refers to an amino acid molecule 

devoid, in whole or part, of sequences normally associated with it in nature; or a sequence, 

as it exists in nature, but having heterologous sequences in association therewith.

[0036] As used herein, “purified” means that the recited material comprises at least

about 75% by weight of the total protein, with at least about 80% being preferred, and at 

least about 90% being particularly preferred. As used herein, the term “substantially pure” 

refers to a compound that is removed from its natural environment and is at least 60% free, 

preferably 75% free, and most preferably 90% free from other components with which it is 

naturally associated.

[0037] A “biological sample from a recipient” as used herein refers to a sample of

tissue or fluid isolated from a recipient, which in the context of the invention generally refers 

to samples which may contain donor specific antibodies, which samples, after optional 

processing, can be analyzed in an in vitro assay. Samples of interest include, but are not 

limited to, blood, plasma, serum, blood cells, urine, saliva, biopsy tissue, and mucous. 

Samples also include samples of in vitro cell culture constituents including but not limited to

8
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conditioned media resulting from the growth of cells and tissues in culture medium, e.g.,

recombinant cells, and cell components.

[0038] By “human leukocyte antigen” or “HLA” is meant the genes within the major

histocompatability complex (MHC), which spans approximately 3.5 million base pairs on 

the short arm of chromosome 6. The MHC is divisible into 3 separate regions which contain 

the class I, the class II and the class III genes. In humans, the class I HLA complex is about 

2000 kb long and contains about 20 loci. Within the class I region exist genes encoding the 

well characterized class I MHC molecules designated HLA-A, HLA-B and HLA-C. In 

addition, there are non-classical class I genes encoded by the HLA-E, HLA-F, HLA-G, 

HLA-H, HLA-J, HLA-X and MIC loci. The class II region contains six gene families 

encoded by the HLA-DRB 1,3,4,5, HLA-DQA, HLA-DQB, and HLA-DPA, HLA-DPB loci. 

These genes encode the a and β chain of the classical class II MHC molecules designated 

HLA-DRB 1, 3, 4, 5, DQ and DP. In humans, non-classical genes encoded by the DM, DN 

and DO loci have also been identified within class II. The class III region contains a 

heterogeneous collection of more than 36 loci associated with the immune response.

[0039] The terms “determining”, “measuring”, “evaluating”, “assessing” and

“assaying” are used interchangeably and include quantitative and qualitative determinations. 

[0040] The term “solid substrate” refers to a solid support in which antigens and/or

antibodies may be immobilized thereon. Exemplary solid substrates include multiwell 

plates, membranes including nitrocellulose membranes and polyethylene membranes, cell 

and cell membranes, beads, microparticles, microspheres, microbeads, and the like. The 

methods of the invention may be carried out with microparticles, microspheres, microbeads, 

or beads of any material, e.g. silica, gold, latex, polymers such as polystyrene, polysulfone, 

polyethyl, or hydrogel. In addition, the microparticles, microspheres, beads or microbeads 

may be a magnetic.

[0041] The term “complement fixing antibody” refers to an antibody that binds

specifically to an antigen or a pathogen and initiates the complement cascade of the immune 

system that provides for clearance of the antigen bearing target (e.g., cell) or pathogen from 

the organism. In general, a complement fixing antibody is an IgM or an IgG antibody that is 

recognized and specifically bound by complement factor Clq, complement factor C3 via the 

alternate pathway, or the like.

[0042] It is further noted that the claims may be drafted to exclude any optional

element. As such, this statement is intended to serve as antecedent basis for use of such
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exclusive terminology as “solely”, “only” and the like in connection with the recitation of 

claim elements, or the use of a “negative” limitation.

DETAILED DESCRIPTION

[0043] Provided are methods for determining the presence or absence of donor

specific antibodies in a biological sample. The methods include forming a mixture by 

combining a cellular sample from a donor with a biological sample from a recipient under 

conditions sufficient for recipient immune antibodies, if present, to bind to donor cell surface 

antigen (Ag) to form an immune antibody-Ag complex, contacting the mixture with beads 

comprising an antibody that specifically binds the immune antibody-Ag complex (e.g., the 

Ag or immune antibody) on a surface thereof, adding under lysis conditions a detectably- 

labeled antibody that specifically binds the immune antibody-Ag complex bound to the 

beads, and detecting the presence or absence of the detectably-labeled antibody bound to the 

immune antibody-Ag complex to determine the presence or absence of donor specific 

antibodies in the biological sample from the recipient. Systems and kits for practicing the 

subject methods are also provided.

[0044] Before the present invention is described in greater detail, it is to be

understood that this invention is not limited to particular embodiments described, as such 

may, of course, vary. It is also to be understood that the terminology used herein is for the 

purpose of describing particular embodiments only, and is not intended to be limiting, since 

the scope of the present invention will be limited only by the appended claims.

[0045] Where a range of values is provided, it is understood that each intervening

value, to the tenth of the unit of the lower limit unless the context clearly dictates otherwise, 

between the upper and lower limits of that range is also specifically disclosed. Each smaller 

range between any stated value or intervening value in a stated range and any other stated or 

intervening value in that stated range is encompassed within the invention. The upper and 

lower limits of these smaller ranges may independently be included or excluded in the range, 

and each range where either, neither or both limits are included in the smaller ranges is also 

encompassed within the invention, subject to any specifically excluded limit in the stated 

range. Where the stated range includes one or both of the limits, ranges excluding either or 

both of those included limits are also included in the invention.

[0046] Unless defined otherwise, all technical and scientific terms used herein have

the same meaning as commonly understood by one of ordinary skill in the art to which this 

invention belongs. Although any methods and materials similar or equivalent to those 
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described herein can be used in the practice or testing of the present invention, some 

potential and exemplary methods and materials may now be described. Any and all 

publications mentioned herein are incorporated herein by reference to disclose and describe 

the methods and/or materials in connection with which the publications are cited. It is 

understood that the present disclosure supersedes any disclosure of an incorporated 

publication to the extent there is a contradiction.

[0047] It must be noted that as used herein and in the appended claims, the singular

forms "a", "an", and "the" include plural referents unless the context clearly dictates 

otherwise. Thus, for example, reference to "an electrode" includes a plurality of such 

electrodes and reference to "the signal" includes reference to one or more signals, and so 

forth.

[0048] It is further noted that the claims may be drafted to exclude any element

which may be optional. As such, this statement is intended to serve as antecedent basis for 

use of such exclusive terminology as “solely”, “only” and the like in connection with the 

recitation of claim elements, or the use of a “negative” limitation.

[0049] The publications discussed herein are provided solely for their disclosure

prior to the filing date of the present application. Nothing herein is to be construed as an 

admission that the present invention is not entitled to antedate such publication by virtue of 

prior invention. Further, the dates of publication provided may be different from the actual 

publication dates which may need to be independently confirmed. To the extent such 

publications may set out definitions of a term that conflict with the explicit or implicit 

definition of the present disclosure, the definition of the present disclosure controls.

[0050] As will be apparent to those of skill in the art upon reading this disclosure,

each of the individual embodiments described and illustrated herein has discrete components 

and features which may be readily separated from or combined with the features of any of 

the other several embodiments without departing from the scope or spirit of the present 

invention. Any recited method can be carried out in the order of events recited or in any 

other order which is logically possible.

Methods

[0051] As summarized above, aspects of the invention include methods for

determining the presence or absence of donor specific antibodies in a biological sample. The 

methods include forming a mixture by combining a cellular sample from a donor with a 

biological sample from a recipient under conditions sufficient for recipient immune 
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antibodies, if present, to bind to donor cell surface antigen (Ag) to form an immune 

antibody-Ag complex, contacting the mixture with beads comprising an antibody that 

specifically binds the immune antibody-Ag complex (e.g., the Ag or immune antibody) on a 

surface thereof, adding under lysis conditions a detectably-labeled antibody that specifically 

binds the immune antibody-Ag complex bound to the beads, and detecting the presence or 

absence of the detectably-labeled antibody bound to the immune antibody-Ag complex to 

determine the presence or absence of donor specific antibodies in the biological sample from 

the recipient. Various steps and aspects of the methods will now be described in greater 

detail below.

[0052] By ‘ ‘donor” is meant a source (e.g., a human source) of the cellular sample.

The donor may be different from the recipient (e.g., where the DSAs may be alloantibodies), 

or the donor and recipient may be the same (e.g., where the DSAs may be autoantibodies). 

In certain aspects, the donor may be a candidate for donating cells (e.g., blood cells), tissues 

(e.g., cornea, skin, bone, heart valve, tendon, femoral and/or saphenous veins, lymph nodes, 

spleen, and the like), organs (e.g., a kidney, heart, liver, pancreas, lung, intestine, eye, and 

the like), and any combinations thereof, to a recipient in need thereof. Donors of interest 

include human donors, non-human primate donors, mammalian donors (e.g., pigs), non­

mammalian donors, and any other donor types of interest.

[0053] As used herein, a “cellular sample” from a donor is a sample obtained from

the donor that includes at least one cell. The at least one cell may be a nucleated cell (e.g., a 

lymphocyte or peripheral blood mononuclear cell (PBMC)), or a cell lacking a nucleus (e.g., 

an erythrocyte or platelet). In certain aspects, the cellular sample is a sample obtained from 

the donor that includes cells selected from lymphocytes (e.g., T cells and/or B cells), 

PBMCs, erythrocytes, platelets, and any combination thereof. According to certain 

embodiments, the cellular sample from the donor is from a tissue of the donor (e.g., lymph 

nodes, spleen, cornea, skin, bone, heart valve, tendon, femoral and/or saphenous veins, and 

the like), from an organ of the donor (e.g., a kidney, heart, pancreas, lung, liver, intestine, 

eye, and the like), or any combination of such tissues and/or organs. The cellular sample 

may be subjected to a purification procedure prior to use in the methods of the present 

disclosure. For example, the cellular sample may be a substantially pure sample of 

lymphocytes, peripheral blood mononuclear cells (PBMCs), erythrocytes, and/or platelets, 

which sample is free of components that may interfere with the mixing, contacting and/or 

detecting steps of the subject methods. In certain aspects, the subject methods include 

obtaining the cellular sample from the donor.
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[0054] According to certain embodiments, the cellular sample from the donor

includes 0.001 x 106 to 2.0 x 106 cells. In certain aspects, the cellular sample from the donor 

includes 1 x 106 or fewer cells, such as 0.5 x 106 or fewer cells, 0.4 x 106 or fewer cells, 0.3 

x 106 or fewer cells, 0.2 x 106 or fewer cells, 0.1 x 106 or fewer cells, or 0.5 x 105 or fewer 

cells. In certain aspects, the cellular sample from the donor includes from 25,000 to 200,000 

cells.

[0055] By ‘ ‘recipient” is meant a source of the biological sample. The recipient may

be different from the donor (e.g., where the DSAs may be alloantibodies), or the recipient 

and donor may be the same (e.g., where the DSAs may be autoantibodies). In certain 

aspects, the recipient (e.g., a human recipient) may be a candidate for receiving cells (e.g., 

blood cells), tissues (e.g., cornea, skin, bone, heart valve, tendon, femoral and/or saphenous 

veins, and the like), organs (e.g., a kidney, heart, pancreas, lung, liver, intestine, eye, and the 

like), and any combinations thereof, from the donor (e.g., to alleviate a medical condition) or 

may have already received cells, a tissue, or an organ from the donor. Recipients of interest 

include human recipients, non-human primate recipients, mammalian recipients, non­

mammalian recipients, and any other recipient types of interest.

[0056] The “biological sample” from the recipient may be any biological sample

from the recipient which includes or may include donor specific antibodies (DSAs). 

According to certain embodiments, the biological sample from the recipient is selected from 

serum, plasma, blood, saliva, tissue, and any combination thereof. In certain aspects, the 

biological sample is 100 pL or less of serum, plasma, blood, saliva, or any combination 

thereof, such as 90 pL or less, 80 pL or less, 70 pL or less, 60 pL or less, 50 pL or less, 40 

pL or less, 30 pL or less, 20 pL or less, or 10 pL or less of serum, plasma, blood, saliva, or 

any combination thereof. According to one embodiment, the biological sample from the 

recipient is 30 pL or less of serum, plasma, blood, saliva, or any combination thereof. In 

certain aspects, the subject methods include obtaining the biological sample from the 

recipient.

[0057] Forming a mixture by combining a cellular sample from a donor with a

biological sample from a recipient occurs under conditions sufficient for recipient immune 

antibodies (e.g., DSAs), if present, to bind to donor cell surface antigen (Ag) to form an 

immune antibody-Ag complex. According to certain embodiments, the recipient immune 

antibodies are alloantibodies. In other aspects, the recipient immune antibodies are 

autoantibodies. Conditions sufficient for recipient immune antibodies (e.g., DSAs), if 

present, to bind to donor cell surface antigen (Ag) may be provided by selection of a suitable 
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buffer (e.g., PBS, TBS, or the like), detergents (e.g., Tween), protein (e.g., BSA), pH, 

temperature, duration and/or the like. Conditions useful to permit specific binding of 

antibodies to their target antigens are described, e.g., in Coligan, et al., eds., Current 

Protocols in Immunology, John Wiley & Sons, Inc., NY (1994-2013). In certain aspects, the 

cellular sample from the donor (e.g., 0.2 x 106 cells) and the biological sample from the 

recipient (e.g., 50 pL serum from the recipient) are incubated for about 20 minutes at room 

temperature in a suitable buffer to permit the recipient immune antibodies to bind to donor 

cell surface antigen. In certain aspects, the mixing, contacting and/or detecting steps are 

performed at room temperature.

[0058] In certain aspects, the donor specific antibody is actual donor specific

antibody.

[0059] According to certain embodiments, the donor cell surface antigen is an HLA

antigen, such that the donor specific antibodies are anti-HLA antibodies. In certain aspects, 

the donor specific antibodies are anti-HLA class I and/or anti-HLA class II antibodies. 

According to certain embodiments, the donor specific antibodies bind to a donor cell surface 

antigen selected from HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-DRB3, HLA-DRB4, 

HLA-DRB5, HLA-DQA, HLA-DQB, HLA-DPA, and HLA-DPB.

[0060] The donor specific antibodies, if present, may be complement fixing

antibodies (CFAbs). In certain aspects, methods of the invention include not only 

determining the presence or absence of donor specific antibodies in the biological sample, 

but also include determining whether the DSAs are CFAbs or non-CFAbs. Identification of 

the DSAs as CFAbs may be performed, e.g., using a directly- or indirectly-labeled binding 

agent that specifically binds to CFAbs (and/or non-CFAbs). According to certain 

embodiments, the binding agent is an isolated complement component Clq. The Clq may 

be directly or indirectly labeled with a fluorescent label that is distinguishable from any 

other fluorescent labels in the complex. In certain aspects, the isolated Clq is conjugated to 

biotin (“Bio-Clq”) and may be detected by addition of fluorescently-labeled streptavidin 

(e.g., R-phycoerythrin-conjugated streptavidin (SA-PE)). According to the above 

embodiments, the Clq protein binds to the Ag-Ab DSA if the DSA is a complement fixing 

antibody, and the directly or indirectly labeled Clq may be detected in the complex (along 

with the differentially detectably labeled antibody bound to the DSA) during the downstream 

detection step of the method (e.g., in a flow cytometer), indicating that the DSA is a CFAb.

[0061] Following forming the mixture, the mixture is contacted with beads that

include an antibody that specifically binds the donor cell surface antigen (e.g., an HLA 
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antigen) of the antibody-Ag complex. Depending on the donor cell surface antigen of 

interest, such beads may be commercially available. Otherwise, the desired type of bead 

(e.g., an agarose, latex, polystyrene, magnetic, or other type of bead) may be conjugated to 

an antibody that binds the antigen of interest using conjugation strategies known in the art. 

See, e.g., G. T. Hermanson, “Bioconjugate Techniques” Academic Press, 2nd Ed., 2008. 

Moreover, kits including reagents and instructions for conjugating an antibody of interest to 

a bead are commercially available (e.g., the Dynabeads® Antibody Coupling Kit (Life 

Technologies, Carlsbad, CA)). The beads may be microbeads having an average bead 

diameter of from 0.1 to 20 microns, such as from 0.5 to 10 microns, e.g., 5 microns or less 

(e.g., 2.5 to 5 microns). The contacting is typically carried out under conditions sufficient 

for the antibody included on the bead to specifically bind the donor cell surface antigen (e.g., 

an HLA antigen) to which the recipient immune antibody (e.g., a DSA) is already bound. 

Providing such conditions may include selection of a suitable buffer (e.g., PBS, TBS, or the 

like), detergent (e.g., Tween), protein (e.g., BSA), pH, temperature, duration and/or the like. 

Conditions useful to permit specific binding of antibodies to their target antigens are 

described, e.g., in Coligan, et al., eds., Current Protocols in Immunology, John Wiley & 

Sons, Inc., NY (1994-2013). Optionally, the mixture is washed between the mixing and 

contacting steps.

[0062] The contacting step results in the immune antibody-Ag complex including the

donor cell surface antigen bound by: a recipient immune antibody (e.g., a DSA), if present; 

and the antibody present on the bead. A donor cell of the cellular sample is also associated 

with this complex by virtue of the donor cell surface antigen of the complex remaining on 

the surface of the donor cell. Following the contacting step, a detectably-labeled antibody 

that specifically binds the complex (e.g., the recipient immune antibody (e.g., the DSA) of 

the complex) is added under lysis conditions. Optionally, one or more wash steps are 

performed between the contacting step and the addition of the detectably labeled antibody 

under lysis conditions. The lysis conditions are sufficient to lyse the cells associated with 

the complexes, thereby freeing the complexes from the donor cells and facilitating 

downstream analysis of the complexes (e.g., by flow cytometry). In certain aspects, the lysis 

conditions include administering a lysis buffer that includes tracer, detergent, protease 

inhibitor, and BSA.

[0063] The detectably-labeled antibody and the lysis conditions may be provided by

adding a “lysis mix” to the mixture after the contacting step, where the lysis mix includes the 

detectably labeled antibody in a lysis buffer. Any suitable lysis buffer may be used and may 
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include one or more of Tris-HCl, EDTA, EGTA, SDS, deoxycholate, Triton X, NP-40, 

and/or any other desirable lysis buffer components. The lysis buffer is such that the immune 

antibody-Ag complex remains intact. The lysis buffer is non-denaturing according to certain 

aspects of the present disclosure. The immune antibody-Ag complex now includes the 

bead-associated antibody bound to the donor cell surface antigen, the recipient immune 

antibody (e.g., DSA), if present, bound to the donor cell surface antigen, and the detectably 

labeled antibody bound to the recipient immune antibody (e.g., DSA), if present. The 

detectable signals from the detectably labeled antibody of the complex may be measured and 

proportionally correlated with the amount of recipient immune antibody (e.g., DSA) in the 

biological sample from the recipient.

[0064] As set forth above, the methods of the present disclosure include detecting

(e.g., quantitatively detecting) the presence or absence of the detectably-labeled antibody 

bound to the immune antibody-Ag complex to determine the presence or absence of donor 

specific antibodies in the biological sample from the recipient. The detection strategy 

employed may vary according to the types of detectable label(s) present on the detectably 

labeled antibody. Detectable labels that find use in practicing the subject methods include, 

but are not limited to, a fluorophore, a chromophore, an enzyme, a linker molecule, a biotin 

molecule, an electron donor, an electron acceptor, a dye, a metal, or a radionuclide.

[0065] According to certain embodiments, the detectably labeled antibody is

fluorescently-labeled and includes a fluorophore selected from indocarbocyanine (C3), 

indodicarbocyanine (C5), Cy3, Cy3.5, Cy5, Cy5.5, Cy7, Texas Red, Pacific Blue, Oregon 

Green 488, Alexa fluor-355, Alexa Fluor 488, Alexa Fluor 532, Alexa Fluor 546, Alexa 

Fluor-555, Alexa Fluor 568, Alexa Fluor 594, Alexa Fluor 647, Alexa Fluor 660, Alexa Fluor 

680, Alexa Fluor 700, JOE, Eissamine, Rhodamine Green, BODIPY, fluorescein 

isothiocyanate (FITC), carboxy-fluorescein (FAM), Allophycocyanin (APC), phycoerythrin 

(PE), rhodamine, dichlororhodamine (dRhodamine), carboxy tetramethylrhodamine 

(TAMRA), carboxy-X-rhodamine (ROX), EIZ, VIC, NED, PET, SYBR, PicoGreen, and 

RiboGreen.

[0066] When the detectably labeled antibody is fluorescently-labeled, the detecting

may include detecting one or more fluorescence emissions. The fluorescence emission(s) 

may be detected in any useful format. In certain aspects, the detecting includes flowing the 

immune antibody-Ag complexes (which include a bead) through a flow cytometer.

[0067] When the detecting includes flowing the recipient immune antibody-Ag

complexes through a flow cytometer, the flow cytometer is configured to detect and
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uniquely identify the complexes by exposing the complexes to excitation light and 

measuring the fluorescence of each complex in one or more detection channels, as desired. 

The excitation light may be from one or more light sources and may be either narrow or 

broadband. Examples of excitation light sources include lasers, light emitting diodes, and 

arc lamps. Fluorescence emitted in detection channels used to identify the complexes may 

be measured following excitation with a single light source, or may be measured separately 

following excitation with distinct light sources. In certain aspects, the flow cytometer 

through which the mixture is flowed includes fluorescence excitation and detection 

capabilities such that the fluorescent label of the detectably labeled antibody, and any other 

optional fluorescent labels associated with other components of the complex are each 

detectable and distinguishable upon interrogation of the complexes by the flow cytometer. 

[0068] Flow cytometers further include data acquisition, analysis and recording

means, such as a computer, where multiple data channels record data from each detector for 

the light scatter and fluorescence emitted by each complex as it passes through the sensing 

region. The purpose of the analysis system is to classify and count complexes where each 

complex presents itself as a set of digitized parameter values. The flow cytometer may be 

set to trigger on a selected parameter in order to distinguish the complexes of interest from 

background and noise. "Trigger" refers to a preset threshold for detection of a parameter. It 

is typically used as a means for detecting passage of a complex through the laser beam. 

Detection of an event which exceeds the threshold for the selected parameter triggers 

acquisition of light scatter and fluorescence data for the complex. Data is not acquired for 

complexes or other components in the medium being assayed which cause a response below 

the threshold. The trigger parameter may be the detection of forward scattered light caused 

by passage of a complex through the light beam. The flow cytometer then detects and 

collects the light scatter and fluorescence data for the complex.

[0069] Flow cytometric analysis of the complexes, as described above, yields

qualitative and quantitative information about the complexes. Where desired, the above 

analysis yields counts of the complexes of interest in the mixture. As such, the flow 

cytometric analysis provides data regarding the numbers of one or more different types of 

complexes in the mixture.

[0070] The mixing, contacting and detecting steps may be performed collectively in

any convenient amount of time. According to certain embodiments, the methods of the 

present disclosure are performed in 12 hours or less, such as 11 hours or less, 10 hours or
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less, 9 hours or less, 8 hours or less, 7 hours or less, 6 hours or less, 5 hours or less, 4 hours

or less, 3 hours or less, or 2 hours or less.

[0071] According to certain embodiments, methods of the present disclosure include

generating a report indicating whether donor specific antibodies are present in the biological 

sample from the recipient. If DSAs are present, the report may include information 

regarding the amount of DSA in the biological sample from the recipient. The report may be 

generated by a computer, in which case the report is optionally displayed to an output device 

at a location remote to the computer.

[0072] In certain embodiments, methods of the present disclosure are used to detect

DSAs that bind to donor HLA antigens (e.g., HLA class I and/or HLA class II antigens) 

present on cells in the cellular sample from the donor. According to one embodiment, a 

mixture is formed by combining a cellular sample that includes HLA antigen-containing 

donor cells with serum or plasma from the recipient such that any DSAs capable of 

specifically binding to the donor HLA may bind to the donor HLA. The resultant mixture 

containing the DSA-HLA complexes may be washed one or more times (e.g., three times) 

prior to the contacting step. According to this embodiment, the contacting step includes 

adding anti-HLA antibody-coated microbeads such that the anti-HLA antibodies attached to 

the beads bind to the constant regions of donor HLA class I and/or class II molecules on the 

surface of the donor cells. The resultant complex, which now includes capture beads bound 

to the donor HLA antigens, may be washed one or more times (e.g., three times) before 

proceeding with the method. According to this embodiment, fluorescently-labeled anti-IgG 

antibodies (e.g., ΡΕ-anti-IgG antibodies) are added under lysis conditions, such that the anti- 

IgG antibodies bind the DSA of the complex. Lysis of the donor cells facilitates separation 

of the complexes from other material present in the mixture. Next, fluorescence from the 

fluorescently-labeled anti-IgG antibodies may be detected, and optionally quantitated, to 

determine the presence (and optionally the amount/concentration) or absence of DSAs in the 

recipient serum or plasma which bind to donor HLAs. In certain aspects, the methods are 

used to interrogate the recipient serum or plasma for the presence or absence of DSAs that 

bind to HLA Class I and/or Class II, e.g., HLA-A, HLA-B, HLA-C, HLA- HLA-DRB1, 

HLA-DRB3, HLA-DRB4, HLA-DRB5, HLA-DQA, HLA-DQB, HLA-DPA, and HLA- 

DPB.

[0073] A method according to one embodiment of the present disclosure is

schematically illustrated in FIG. 1. According to this embodiment, immune antibody-Ag 

complexes are detected by a flow cytometer or Luminex machine. In the reaction, donor

18



WO 2014/151763 PCT/US2014/026406

cells are combined with recipient serum. Donor specific antibody (DSA), if present, 

specifically binds to the antigen (Ag) on donor cells to form a DSA-Ag complex. Under 

lysis conditions, the DSA-Ag complex is specifically captured by beads conjugated with 

antibody against the same Ag as in the DSA-Ag complex. The captured DSA-Ag is detected 

by a fluorescently-labeled secondary antibody through a flow cytometer or Luminex 

machine.

[0074] A method according to a second embodiment of the present disclosure is

schematically illustrated in FIG. 2. According to this embodiment, immune antibody-Ag 

complexes are detected by an enzyme-linked immunosorbent assay (EEISA). In the 

reaction, donor cells are combined with recipient serum. Donor specific antibody (DSA), if 

present, specifically binds to the antigen (Ag) on donor cells to form a DSA-Ag complex. 

Upon lysis of the cell, the DSA-Ag complex is specifically captured on a substrate via an 

antibody against the same Ag as in the DSA-Ag complex. An enzyme linked secondary 

anti-IgG antibody binds to the DSA, and the DSA is detectable upon reaction of the enzyme 

and substrate. Variations of this approach (e.g., luminescence assays) are also provided by 

the present disclosure.

Systems

[0075] Also provided are systems for performing the methods of the present

disclosure. Systems of the present disclosure include a sample fluid subsystem that includes 

a processor and a computer-readable medium operably coupled to the processor with stored 

programming thereon. When executed by the processor, the stored programming programs 

the processor to form a mixture by combining a cellular sample from a donor with a 

biological sample from a recipient under conditions sufficient for recipient immune 

antibodies, if present, to bind to donor cell surface antigen (Ag) to form an immune 

antibody-Ag complex. When executed by the processor, the stored programming also 

programs the processor to contact the mixture with beads comprising an antibody that 

specifically binds the immune antibody-Ag complex on a surface thereof, and add under 

lysis conditions a detectably labeled antibody that specifically binds the immune antibody- 

Ag complex. The subject systems also include a flow cytometer configured to assay the 

sample for the presence or absence of the detectably labeled antibody bound to the immune 

antibody-Ag complex to determine the presence or absence of donor specific antibodies. In 

certain aspects, the flow cytometer is fluidically coupled to the sample fluidic subsystem.

[0076] The processor may be any suitable processor for executing the stored

programming. According to certain embodiments, the processor is programmed to cause the 
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sample fluidic subsystem to wash the mixture before the subsystem contacts the mixture 

with the with beads comprising an antibody that specifically binds the immune antibody-Ag 

complex on a surface thereof. Alternatively, or additionally, the processor may be 

programmed to cause the sample fluidic subsystem to wash the mixture after the subsystem 

contacts the mixture with the beads comprising an antibody that specifically binds the 

immune antibody-Ag complex, but before the flow cytometer assays the sample for the 

presence or absence of detectable labels bound to the complexes.

[0077] The computer readable medium may be a computer readable signal medium

or a computer readable storage medium. A computer readable storage medium may be, for 

example, but not limited to, an electronic, magnetic, optical, electromagnetic, infrared, or 

semiconductor system, apparatus, or device, or any suitable combination of the foregoing. 

More specific examples (a non-exhaustive list) of the computer readable storage medium 

would include the following: an electrical connection having one or more wires, a portable 

computer diskette, a hard disk, a random access memory (RAM), a read-only memory 

(ROM), an erasable programmable read-only memory (EPROM or Flash memory), an 

optical fiber, a portable compact disc read-only memory (CD-ROM), an optical storage 

device, a magnetic storage device, or any suitable combination of the foregoing. A computer 

readable storage medium may be any tangible medium that can contain, or store a program 

for use by or in connection with the sample fluidic subsystem of the systems of the present 

disclosure.

[0078] The cellular sample from the donor, the donor cell surface antigens, the

biological sample from the recipient, the recipient immune antibodies (e.g., anti-HLA 

DS As), the beads comprising an antibody that specifically binds the immune antibody-Ag 

complex on a surface thereof, the detectably labeled antibodies, the buffers, binding and lysis 

conditions, and the flow cytometer may be as described hereinabove with respect to the 

methods of the present disclosure.

[0079] The systems of the present disclosure may be configured to detect the

presence or absence of DSAs in a convenient amount of time. According to certain 

embodiments, the subject systems are configured to detect the presence or absence of DSAs 

in a biological sample of the recipient in 12 hours or less, such as 11 hours or less, 10 hours 

or less, 9 hours or less, 8 hours or less, 7 hours or less, 6 hours or less, 5 hours or less, 4 

hours or less, 3 hours or less, or 2 hours or less.
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Kits

[0080] Kits which include one or more reagents useful for performing the methods of

the present disclosure are also provided. According to one embodiment, provided is a kit 

that includes a plurality of beads comprising antibodies that specifically bind an immune 

antibody-Ag complex on a surface thereof, a detectably labeled antibody that specifically 

binds the immune antibody-Ag complex, and instructions for using the plurality of beads and 

the detectably labeled antibody to assay a cellular sample from a donor and a biological 

sample from a recipient to determine the presence or absence of donor specific antibodies in 

the biological sample. The subject kits may further include other useful components such as 

lysis buffer, control serum or plasma, a control cellular sample, and the like. The beads 

comprising an antibody that specifically binds an immune antibody-Ag complex on a surface 

thereof, and the detectably labeled antibody that specifically binds the immune antibody-Ag 

complex, may be as described hereinabove with respect to the methods of the present 

disclosure.

[0081] Reagents included in the subject kits may be provided in separate tubes, or

two or more reagents may be provided in a single tube. According to one embodiment, the 

beads and detectably labeled antibodies are provided in separate tubes. In certain aspects, 

the detectably labeled antibody is provided in a lysis buffer.

[0082] According to one embodiment, instructions included in the subject kits are

provided on a computer-readable medium which, when executed by a processor, programs 

the processor to assay a cellular sample from a donor and a biological sample from a 

recipient to determine the presence or absence of DSAs in the biological sample.

Utility

[0083] The subject methods, systems and kits find use in any application in which it

is desirable to detect donor specific antibodies in a biological sample of a recipient. 

Recipients of interest include, but are not limited to, human recipients in need of, or having 

already received, an organ (e.g., kidney, liver, heart, etc.) or tissue transplant from an organ 

or tissue donor. Applications of interest include pre-transplantation risk assessment and/or 

post-transplantation monitoring based on detecting and/or quantifying the levels of DSAs in 

the biological sample of the recipient.

[0084] The methods of the present disclosure allow the distinction between

antibodies reactive to the donor cells and antibodies reactive to the HLA molecules on the 

donor cells. Prior flow crossmatch technologies are deficient in that they are not capable of
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making this important distinction, where a positive flow crossmatch result might be

completely irrelevant to antibody interactions with HLA.

[0085] The subject methods provide a platform which can be broadly used to

develop many different DS A assays. Any type of biological sample from the recipient and 

any target cell of interest may be used to determine whether DSA is present or absent. 

Compared to existing approaches, the subject methods allow recipient antibodies to bind to 

donor antigens in their native configuration without any modifications and with high 

detection specificity and high throughput. Moreover, the methods may be completed in less 

time, and require fewer donor cells, than existing DSA detection approaches. Background 

signal caused by antibodies unrelated to the target antigen of interest is eliminated by virtue 

of specific antibody-mediated solid-phase capture of complexes that include DSAs bound to 

the antigen of interest.

EXAMPLES

[0086] As can be appreciated from the disclosure provided above, the present

disclosure has a wide variety of applications. Accordingly, the following examples are put 

forth so as to provide those of ordinary skill in the art with a complete disclosure and 

description of how to make and use the present invention, and are not intended to limit the 

scope of what the inventors regard as their invention nor are they intended to represent that 

the experiments below are all or the only experiments performed. Those of skill in the art 

will readily recognize a variety of noncritical parameters that could be changed or modified 

to yield essentially similar results. Efforts have been made to ensure accuracy with respect 

to numbers used (e.g. amounts, temperature, etc.) but some experimental errors and 

deviations should be accounted for.

Example 1: DSA-FM Testing Procedure

[0087] The following procedure may be used to practice one embodiment of the

subject methods, termed donor specific antibody flow cytometric crossmatch (“DSA- 

FXM”). This example procedure involves simultaneous capture and labeling, and can be 

completed in 2 hours or less.

[0088] First, prepare a 96-well layout format to arrange the FXM samples to be

tested. Second, dispense 0.2 x 106 (less than 250 pl in volume) donor cells in all pre-selected 

wells in a 96-well plate according the plate layout. Centrifuge at 2,000xg for 3 minutes. 

Flick the plate and blot twice on a stacked paper tower before turning the plate over.
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Resuspend the cells by gentle vortexing. Add 50 μΐ/well of each serum to the pre-selected 

wells according the plate layout. Gently vortex the plate and incubate in a RT incubator 

(22°C) for 20 minutes. Prepare lysis mix (for each well, PE-anti-hlgG and lysis buffer in a 

total volume of 23 μΐ) during the incubation. After the incubation, add 250 μΐ of 3% HBSA 

to each well and spin the plate as before. Flick the plate and blot twice on a stacked paper 

tower before turning the plate over. Repeat the wash steps for an additional 2 times by 

adding 250 μΐ 3% HBSA for each wash.

[0089] Add 5 μΐ Capture Beads Mix to each well at the last wash (3rd wash), and

wash again as before using 250 μΐ 3% HBSA. Add 23 μΐ lysis mix (cell lysis buffer and 

fluorescence antibody) to each well and gently vortex the plate. Cover the plate with a piece 

of foil and incubate the plate in the dark with gentle shaking for 30 minutes. Prepare DSA- 

FXM wash buffer during the incubation as follows: to make 10 ml DSA-FXM wash buffer, 

add 0.5 ml detergent to 9.5 ml IX TBS wash buffer and mix by inverting the tube five times. 

[0090] Wash twice by adding 250 μΐ DSA-FXM wash buffer to each well and

washing as before. Add 250 μΐ DSA-FXM wash buffer and wash as before. Resuspend the 

beads in each well with 200 μΐ Flow Fixative and gently vortex the plate. Place the plate 

onto a flow cytometer and acquire the beads. Experimental results are shown in FIG. 3, 

FIGs. 5-9, FIGs. 11-14, and FIG. 16.

[0091] For the experiment shown in FIG. 3, four samples were tested by DSA-FXM

(the simultaneous capture and labeling embodiment) and HLA-Class I and Class II beads 

were distinguished by the fluorescence ID on each bead. Increasing fluorescence (positive 

signal) due to HLA specific antibody is shown on the X axis (FL1 channel). FIG. 3, panel A: 

both HLA-Class I (C-I) and Class II (C-II) donor specific antibody (DSA) were negative 

(CI-/CII-); FIG. 3, panel B: only C-II DSA was positive (CI-/CII+); FIG. 3, panel C: only C­

I DSA was positive (CI+/CII-); and FIG. 3, panel D: both CI and C-II DSAs were positive 

(CI+/CII+).

[0092] As shown in FIG. 5, a pool of HLA-Ab positive sera (PPS) in different

dilutions was tested against various cell numbers by FXM, DSA-FXM, and LMX-IgG. The 

results show DSA-FXM is the most sensitive method for detecting DSA and uses many 

fewer cells (e.g. DSA can be detected with as few as 25,000 cells) when compared with 

standard methods. LMX-IgG defines the HLA specificities contained in the PPS serum on a 

Luminex platform using single antigen beads and the values shown are the mean 

fluorescence intensities (MFI).
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[0093] As shown in FIG. 6, 23 external proficiency CAP samples (the College of

American Pathologists) were tested by DSA-FXM simultaneously with the blinded 

challenge and in parallel with the regular flow crossmatch (FXM) and standard Luminex 

antibody screening on single antigen beads (LMX-IgG). The donor specific antibodies 

(DSAs) of HLA-class I (C-I) and/or HLA-II (C-II) were identified and most DSAs were 

further confirmed by LMX-IgG. Some extra DSA with low MCS were only detected with 

the more sensitive DSA-FXM method. External proficiency samples are sera and cells with 

known specificities. The specificities of the sera are blinded to the participants until all 

results are received from all participating centers. The data presented in FIG. 7 indicates that 

seven HLA-DQ DSA positive samples were identified by LMX-IgG and confirmed by DSA- 

FXM. As shown in FIG. 8, six HLA-DP DSA positive samples were identified by LMX- 

IgG and confirmed by DSA-FXM. As shown in FIG. 9, three HLA-C DSA positive samples 

were identified by LMX-IgG and confirmed by DSA-FXM.

[0094] As shown in FIG. 11, a collection of 117 sera including HLA typing reagents,

negative controls, and clinical samples were tested whose DSA specificities were known 

from LMX-IgG SAB testing. Exclusive positive or negative reactions were obtained. When 

the results of the DSA-FXM were compared to the FXM and LMX-IgG SAB results, DSA- 

FXM had superior sensitivity for class I (FIG. 12) and class II (FIG. 13) than either of the 

other tests. FIG. 14, Panels A and B gives the overall correlation for 95 class I and 100 class 

II DSAs, respectively. FIG. 14, Panel C summarizes the sensitivity and specificity of the 

DSA-FXM compared to the LMX-IgG SAB assay. As shown in FIG. 14, Panel D, the 

reduced specificity obtained in the FIG. 14, Panel C comparison is due to false positive 

reactions in the LMX-IgG SAB assay and not to false negative reactions in the DSA-FXM 

assay.

[0095] As shown in FIG. 15, the T and B cell FXM assays yield non-specific (i.e.,

not due to HLA, target unknown) positive results in the presence of autoantibodies, whereas 

the DSA-FXM clearly distinguishes autoantibodies to HLA and discriminates whether the 

autoantibodies are to class I or class II.

[0096] As shown in FIG. 16, the DSA-FXM is able to distinguish flow cytometry

results due to class I and/or class II alloantibody as well as to autoantibody which the current 

FXM method in general use cannot do. Similar results seen with the FXM (e.g., Cases 1 and 

3 or 2 and 4) have completely different explanations and interpretations when tested by 

DSA-FXM. The DSA-FXM can be correlated with the specific class I and/or II DSA profiles
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obtained by LMX-IgG SAB to give a prognosis for risk of rejection pre- or post-transplant,

whereas the FXM results cannot.

[0097] As shown in FIG. 17 for class I (Panel A) and class II (Panel B), the DSA-

FXM is able to show inhibition of class specific DSA by IVIG treatment as compared to

buffer. This parallels what is seen in vivo before and after IVIG infusion.

[0098] As shown in FIG. 18 for class I (Panel A) and class Π (panel B), DSA

specific sera show a dose-dependent inhibition by IVIG which also predicts in vivo efficacy. 

[0099] As shown in FIG. 1, FXM and DSA-FXM were performed using serial

samples from a kidney candidate undergoing IVIG desensitization treatment to prospectively 

lower/abrogate DSA to an identified potential living donor. FXM results show increased 

MCS values (i.e., became more positive) due to an artifact of IVIG infusion. The artifact is 

due to the second step antibody (anti-human IgG) which is used as the signal in the assay. 

Because all of the IVIG product is purified IgG, FXM results show false positive increases 

due to the IVIG, not to the DSA. Rituxan (therapeutic anti-CD20, a marker of B cells) also 

increases MCS values in the B cell FXM because of the CD20 on the B cell surface. 

Although this is not artifact, the FXM is designed to detect HLA antibody, not native cell 

specific targets. DSA-FXM results, in contrast, show inhibition (efficacy) of the IVIG and 

MCS values in the range acceptable for transplant even in the presence of the therapeutic 

(anti-CD20) antibodies.

Result Calculations

[00100] Use a DSA-FXM Analysis Worksheet to record and perform the calculations.

Determine the Median Channel Shift (MCS) for Patient Sera & Positive controls. For 

calculation of MCS: MCS = Median Channel Value (MCV) of the patient sera (or Pos 

controls) minus Median Channel Value (MCV) of the Neg controls . Record the result as 

MCS on the worksheet and computer. Make a report according to the FXM cutoff to define 

a Negative or Positive DSA-FXM.

Results and Interpretation

[00101] The cutoffs for FXM were determined by the results (MCS) from pre-tested

AB male sera (usually about 20) against 5 different sources of target cells (fresh/frozen 

PBMC, frozen lymph node, and frozen spleen cells). MCS for each tested AB serum was 

calculated by subtracting negative control MCV from AB serum MCV; and means of DSA- 

FXM MCS were calculated from all MCSs obtained (N=138). The criteria of DSA-FXM 

cutoffs were set as follows: MCS values < AB neg MCS + 3 SD were interpreted as
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“Negative”; MCS values >= AB neg MCS + 3SD were interpreted as “Positive”. HLA-I 

DSA-FXM Positive: MCS >=61. HLA-II DSA-FXM Positive: MCS >=60.

Materials and Methods

[00102] For the FXM procedure, distribute 0.1 χ 106 PBMC cells into each well in a 

96-well plate and centrifuge at l,300xg for 3 minutes. Flick the plate to remove the 

supernatant; resuspend the cells in 50 pl test serum and incubate in a RT incubator (22 C) 

for 20 minutes. After the incubation, wash the cells four times with 250 μΐ of 3% HBSA 

each time. Add 100 μΐ detecting reagent mix containing 0.5 μg of FITC-anti human IgG 

(Jackson ImmunoResearch Laboratories, Inc.; West Grove, PA, USA), 0.2 μg PerCP-CD3 

and PE-CD19 (BD Biosciences, San Jose, CA, USA). After an additional 30 minute 

incubation at room temperature, wash cells twice with 250 μΐ of 3% HBSA each time and 

resuspend in 200 μΐ 0.2 % paraformaldehyde in PBS. Acquire cells on BD FACSCanto II 

Flow Cytometer (BD Biosciences, San Jose, CA, USA). The acquired data are analyzed by 

BD FACSDiva™ software.

[00103] For the LMX-IgG procedure, experiments were performed according to the 

manufacturer’s instructions (One Lambda, Canoga Park, CA, USA). The result shows that 

both HLA class I and II DSA are detected by DSA-FXM in various conditions (FIG. 5).

Example 2: DSA-FXM Testing

[00104] The following procedure may be alternatively used to practice one 

embodiment of the subject methods, termed donor specific antibody flow cytometric 

crossmatch (“DSA-FXM”). This example procedure involves sequential capture and 

labeling.

[00105] First, prepare a 96-well layout format to arrange the FXM setting. Second, 

dispense 0.2 χ 106 (less than 250 μΐ in volume) donor cells in all pre-selected wells in a 96- 

well plate according the plate layout. Centrifuge at 2,000xg for 3 minutes. Flick the plate to 

remove supernatant. Gently vortex the plate and add 50 μΐ/well of each serum to the pre­

selected wells according the plate layout. Gently vortex the plate and incubate in a RT 

incubator (22 C) for 20 minutes. After the incubation, add 250 μΐ of 3% HBSA to each well 

and spin the plate as before. Flick the plate and blot twice on a stacked paper tower before 

turning the plate over. Repeat the wash steps for an additional 2 times by adding 250 μΐ 3% 

HBSA for each wash.

[00106] Add 5 μΐ Capture Beads Mix containing HLA-class I and II capture beads to 

each well at the last wash (3rd wash), and wash again as before using 250 μΐ 3% HBSA.
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Add 23 μΐ cell lysis buffer to each well and gently vortex the plate. Cover the plate with a 

piece of foil and incubate the plate in the dark with gentle shaking for 30 minutes. Wash the 

beads twice with 250 μΐ each DSA-FXM wash buffer as before. Resuspend the beads with 

100 ul of Fluorescent anti-IgG in wash buffer and incubate the plate at RT for an additional 

30 minutes. Wash the beads twice with 250 μΐ each DSA-FXM wash buffer as before and 

resuspend the beads in each well with 200 μΐ Flow Fixative and gently vortex the plate. 

Place the plate onto a flow cytometer and acquire the beads. FXM and LMX-IgG procedures 

were carried out as described above. The experimental results are shown in FIG. 4. As 

shown in FIG. 4, A negative AB serum (Sample A) and three positive sera (Samples B, C 

and D) were tested by DSA-FXM (sequential capture and labeling). Sample A: both C-I and 

C-II DSA negative; Sample B: both C-I and C-II DSA positive; Sample C: only C-I DSA 

positive and C-II DSA negative; Sample D: only C-II DSA positive and C-I DSA negative.

Example 3: DSA-FXM Testing

[00107] The following procedure may be alternatively used to practice one 

embodiment of the subject methods, termed donor specific antibody flow cytometric 

crossmatch (“DSA-FXM”). This example procedure involves sequential capture and 

labeling.

[00108] First, prepare a 96-well layout format to arrange the FXM setting. Second,

dispense 0.2 x 106 (less than 250 μΐ in volume) donor cells in all pre-selected wells in a 96- 

well plate according the plate layout. Centrifuge at 2,000xg for 3 minutes. Flick the plate to 

remove supernatant. Gently vortex the plate and add 50 μΐ/well of each serum to the pre­

selected wells according the plate layout. Gently vortex the plate and incubate in a RT 

incubator (22°C) for 20 minutes. After the incubation, add 250 μΐ of 3% HBSA to each well 

and spin the plate as before. Flick the plate and blot twice on a stacked paper tower before 

turning the plate over. Repeat the wash steps for an additional 2 times by adding 250 μΐ 3% 

HBSA for each wash.

[00109] Add 100 μΐ of Fluorescent anti-IgG to resuspend the cells and cover the plate 

with a piece of foil; and incubate the plate in the dark with gentle shaking for 30 minutes. 

Wash the cells twice with 250 μΐ each DSA-FXM wash buffer as before. Resuspend the 

cells in 25 μΐ lysis buffer and add 5 μΐ Capture Beads Mix containing HLA-class I and II 

capture beads to each well. Incubate the plate at RT for an additional 30 minutes. Wash the 

beads twice with 250 μΐ each DSA-FXM wash buffer as before and resuspend the beads in 

each well with 200 μΐ Flow Fixative and gently vortex the plate. Place the plate onto a flow 

cytometer and acquire the beads. FXM and LMX-IgG procedures were carried out as
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described above. The experimental results are shown in FIG. 10 and FIG. 11: FIG. 10, Panel

A: both HFA-Class I (C-I) and Class II (C-II) donor specific antibody (DSA) were negative

(CI-/CII-); FIG. 10, Panel B: only C-I DSA was positive (CI+/CII-); FIG. 10, Panel C: only

C-II DSA was positive (CI-/CII+); and FIG. 10, Panel D: both CI and C-II DSAs were

positive (CI+/CII+).

Example 4: Auto-DSA-FXM Testing

[00110] Autologous sera from f5 recipients were tested against the recipients’ own 

PBMC cells by FXM in parallel with the DSA-FXM procedure described in Example 1. The 

experimental results are shown in FIG. 15: of f5 auto crossmatches, 3 were negative and 4 

were positive by both DSA-FXM and FXM; 8 were only positive by FXM and proved that 

the DSAs detected by FXM were not DSAs against HEA antigens.

Example 5: Intravenous Immunoglobulin (IVIG) Desensitization DSA-FXM 

Testing

[00111] The inhibition effect of IVIG on HEA-DSA was evaluated by DSA-FXM 

testing procedure described in Example 1. Experimental results are shown in FIGs. 17-19. 

[00112] For the experiment shown in FIG. 17, two HEA DSA positive sera were 

spiked with 5% IVIG and tested in vitro by DSA-FXM. The inhibition effect of IVIG on 

both HEA class I and II DSA was measurable.

[00113] As shown in FIG. 18, a positive DSA serum in different dilutions was spiked 

with 5% IVIG and tested by DSA-FXM. The result showed that IVIG had a dose-dependent 

inhibition on both HEA class I and II DSAs.

[00114] A series of samples from a kidney candidate under IVIG desensitization 

treatment were tested against a potential (but incompatible) living donor’s cells by both 

DSA-FXM and FXM. As shown in FIG. 19, the inhibition effect of IVIG on HEA-DSA was 

observed by DSA-FXM but could not be seen by FXM. Rituxan (therapeutic anti-CD20) had 

no interference on the test results by DSA-FXM testing.

[00115] Although the foregoing invention has been described in some detail by way 

of illustration and example for purposes of clarity of understanding, it is readily apparent to 

those of ordinary skill in the art in light of the teachings of this invention that certain changes 

and modifications may be made thereto without departing from the spirit or scope of the 

appended claims. It is also to be understood that the terminology used herein is for the 
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purpose of describing particular embodiments only, and is not intended to be limiting, since 

the scope of the present invention will be limited only by the appended claims.

[00116] Accordingly, the preceding merely illustrates the principles of the invention. 

It will be appreciated that those skilled in the art will be able to devise various arrangements 

which, although not explicitly described or shown herein, embody the principles of the 

invention and are included within its spirit and scope. Furthermore, all examples and 

conditional language recited herein are principally intended to aid the reader in 

understanding the principles of the invention and the concepts contributed by the inventors 

to furthering the art, and are to be construed as being without limitation to such specifically 

recited examples and conditions. Moreover, all statements herein reciting principles, 

aspects, and embodiments of the invention as well as specific examples thereof, are intended 

to encompass both structural and functional equivalents thereof. Additionally, it is intended 

that such equivalents include both currently known equivalents and equivalents developed in 

the future, i.e., any elements developed that perform the same function, regardless of 

structure. The scope of the present invention, therefore, is not intended to be limited to the 

exemplary embodiments shown and described herein. Rather, the scope and spirit of present 

invention is embodied by the appended claims.
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WHAT IS CLAIMED IS:

1. A method for determining the presence or absence of donor specific antibodies in a 
biological sample, the method comprising:

forming a mixture by combining a cellular sample from a donor with a biological 
sample from a recipient under conditions sufficient for recipient immune antibodies, if 

present, to bind to donor cell surface antigen (Ag) to form an immune antibody-Ag complex;
contacting the mixture with beads comprising an antibody that specifically binds the 

immune antibody-Ag complex on a surface thereof;

adding under lysis conditions a detectably-labeled antibody that specifically binds the 
immune antibody-Ag complex bound to the beads; and

detecting the presence or absence of the detectably-labeled antibody bound to the 
immune antibody-Ag complex to determine the presence or absence of donor specific 
antibodies in the biological sample from the recipient.

2. The method according to claim 1, wherein the detecting is semi-quantitative.

3. The method according to claim 1 or 2, wherein the immune antibody is an 
alloantibody, autoantibody, or a complement fixing antibody (CFAb).

4. The method according to any one of claims 1-3, wherein the detecting comprises 
detecting a fluorescence emission.

5. The method according to any one of claims 1-4, wherein the detecting comprises 
flowing the complex through a flow cytometer or detecting the complex by an enzyme-linked 
immunosorbent assay (ELISA).

6. The method according to any one of claims 1-5, wherein the detectably-labeled 
antibody comprises a detectable label attached to an antibody or antigen binding fragment 
thereof.
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19 7. The method according to any one of claims 1-6, wherein the detectable label 
comprises a fluorochrome, a chromophore, an enzyme, a linker molecule, a biotin molecule, 
an electron donor, an electron acceptor, a dye, a metal, or a radionuclide.

8. The method according to any one of claims 1-7, wherein the detectable label 
comprises a fluorophore selected from the group consisting of: indocarbocyanine (C3), 
indodicarbocyanine (C5), Cy3, Cy3.5, Cy5, Cy5.5, Cy7, Texas Red, Pacific Blue, Oregon 
Green 488, Alexa fluor-355, Alexa Fluor 488, Alexa Fluor 532, Alexa Fluor 546, Alexa Fluor- 
555, Alexa Fluor 568, Alexa Fluor 594, Alexa Fluor 647, Alexa Fluor 660, Alexa Fluor 680, 
Alexa Fluor 700, JOE, Lissamine, Rhodamine Green, BODIPY, fluorescein isothiocyanate 
(FITC), carboxy-fluorescein (FAM), Allophycocyanin (APC), phycoerythrin (PE), rhodamine, 
dichlororhodamine (dRhodamine), carboxy tetramethylrhodamine (TAMRA), carboxy-X- 
rhodamine (ROX), LIZ, VIC, NED, PET, SYBR, PicoGreen, and RiboGreen.

9. The method according to any one of claims 1-8, wherein the donor specific 
antibody is actual donor specific antibody.

10. The method according to any one of claims 1-9, wherein the Ag is selected from 
the group consisting of: HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-DRB2, HLA-DRB3, 
HLA-DRB4, HLA-DRB5, HLA-DQ, and HLA-DP.

11. The method according to any one of claims 1-10, wherein the biological sample 
comprises serum, blood, saliva, or plasma.

12. The method according to any one of claims 1-11, comprising obtaining the 
cellular sample from the donor, obtaining the biological sample from the recipient, or both.

13. The method according to any one of claims 1-12, wherein the cellular sample 
from the donor comprises nucleated cells.

14. The method according to any one of claims 1-13, wherein the cellular sample 
from the donor comprises from 0.00lxlO6 to 2.0x106 cells.
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15. The method according to any one of claims 1-13, wherein the cellular sample 
from the donor comprises fewer than 0.2xl06 cells.

16. The method according to any one of claims 1-15, wherein the cellular sample 
from the donor comprises fewer than O.lxlO6 cells, fewer than 0.5xl05 cells, or 25,000 to 

200,000 cells.

17. The method according to any one of claims 1-16, wherein the average bead 
diameter is from 0.1 to 20 microns, 5 microns or less, or between 2.5 to 5 microns.

18. The method according to any one of claims 1-17, wherein the beads are agarose 
beads, latex beads, magnetic beads, or polystyrene beads.

19. The method according to any one of claims 1-18, wherein the method is 
performed in 12 hours or less or 8 hours or less.

20. The method according to any one of claims 1-19, wherein the lysis conditions 
comprise administering a lysis buffer comprising tracer, detergent, and DNase.

21. The method according to any one of claims 1-20, comprising generating a report 
indicating whether donor specific antibodies are present in the biological sample from the 
recipient.

22. The method according to claim 21, wherein generating a report is performed by a 
computer.

23. The method according to claim 22, wherein the report is displayed to an output 
device at a location remote to the computer.

24. A system comprising:
a sample fluidic subsystem comprising:
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a computer-readable medium operably coupled to the processor with stored

programming thereon that, when executed by the processor, programs the processor to cause
the sample fluidic subsystem to:

combine a cellular sample from a donor with a biological sample from a recipient under 
conditions sufficient for recipient immune antibodies, if present, to bind to donor cell surface 
antigen (Ag) to form an immune antibody-Ag complex;

contact the mixture with beads comprising an antibody that specifically binds the immune 
antibody-Ag complex on a surface thereof; and

add under lysis conditions a detectably-labeled antibody that specifically binds the 
immune antibody-Ag complex; and

a flow cytometer configured to assay the sample for the presence or absence of the 
detectably-labeled antibody bound to the immune antibody-Ag complex to determine the 
presence or absence of donor specific antibodies.

25. The system according to claim 24, wherein the immune antibody is an 
alloantibody, autoantibody, or a complement fixing antibody (CFAb).

26. The system according to any one of claims 24-25, wherein the detectably-labeled 
antibody comprises a detectable label attached to an antibody or antigen binding fragment 

thereof.

27. The system according to any one of claims 24-26, wherein the detectable label 

comprises a fluorophore selected from the group consisting of: indocarbocyanine (C3), 
indodicarbocyanine (C5), Cy3, Cy3.5, Cy5, Cy5.5, Cy7, Texas Red, Pacific Blue, Oregon 

Green 488, Alexa fluor-355, Alexa Fluor 488, Alexa Fluor 532, Alexa Fluor 546, Alexa Fluor- 
555, Alexa Fluor 568, Alexa Fluor 594, Alexa Fluor 647, Alexa Fluor 660, Alexa Fluor 680, 
Alexa Fluor 700, JOE, Lissamine, Rhodamine Green, BODIPY, fluorescein isothiocyanate 
(FITC), carboxy-fluorescein (FAM), Allophycocyanin (APC), phycoerythrin (PE), rhodamine, 
dichlororhodamine (dRhodamine), carboxy tetramethylrhodamine (TAMRA), carboxy-X- 
rhodamine (ROX), LIZ, VIC, NED, PET, SYBR, PicoGreen, and RiboGreen.
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19 28. The method according to any one of claims 24-27, wherein the average bead 

diameter is from 0.1 to 20 microns, 5 microns or less, or between 2.5 to 5 microns.

29. The system according to any one of claims 24-28, wherein the beads are agarose 
beads, latex beads, magnetic beads, or polystyrene beads.

30. The system according to any one of claims 24-29, wherein the system is 

configured to detect the presence or absence of donor specific antibodies in 12 hours or less or 
8 hours or less.

31. A kit when used according to any one of claims 1-23, comprising:

a plurality of beads comprising antibodies that specifically bind an immune antibody- 
Ag complex on a surface thereof;

a detectably-labeled antibody that specifically binds the immune antibody-Ag 
complex; and

instructions for using the plurality of beads and the detectably-labeled antibody to 
assay a cellular sample from a donor and a biological sample from a recipient to determine the 
presence or absence of donor specific antibodies in the biological sample.

32. The kit according to claim 31, wherein the detectably-labeled antibody comprises 
a detectable label attached to an antibody or antigen binding fragment thereof.

33. The kit according to claim 31 or 32, wherein the detectable label comprises a 

fluorophore selected from the group consisting of: indocarbocyanine (C3), 
indodicarbocyanine (C5), Cy3, Cy3.5, Cy5, Cy5.5, Cy7, Texas Red, Pacific Blue, Oregon 

Green 488, Alexa fluor-355, Alexa Fluor 488, Alexa Fluor 532, Alexa Fluor 546, Alexa Fluor- 

555, Alexa Fluor 568, Alexa Fluor 594, Alexa Fluor 647, Alexa Fluor 660, Alexa Fluor 680, 
Alexa Fluor 700, JOE, Lissamine, Rhodamine Green, BODIPY, fluorescein isothiocyanate 
(FITC), carboxy-fluorescein (FAM), Allophycocyanin (APC), phycoerythrin (PE), rhodamine, 
dichlororhodamine (dRhodamine), carboxy tetramethylrhodamine (TAMRA), carboxy-X- 
rhodamine (ROX), LIZ, VIC, NED, PET, SYBR, PicoGreen, and RiboGreen.
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19 34. The kit according to any one of claims 31-33, wherein the average bead diameter 

is less than 5 microns or between 2.5 to 5 microns.

35. The kit according to any one of claims 31-34, wherein the beads are agarose 
beads, latex beads, magnetic beads, or polystyrene beads.

35
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FIG. 11
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FIG. 14

A

Concordance: 92%
R0001

DSA-FXM vs. LMX-IgG DSA
C

DSA Cl Cll

SENSITIVITY 95% 96%

SPECIFICITY 88% 86%

SUBSTITUTE SHEET (RULE 26)



WO 2014/151763 PCT/US2014/026406

Q

14/19

&
0

X &
4

a

>*>
t* a «sj- 

<x
is■ } ’i*

e «5
V*

** o re6i re N ■st s* s re

0

X
&

m r* u> re «< ■^A ' I h*

a 
h

a 0> t* o s* f*x X** T~ <© $>

1« 
&

J 
X 
u 
u
&
U

XY" 

S> fii BkU& <,> < > 
B fl 2 <s c< * ·* 
P• ίίί 
k 
il

<■? i' 
flfl 
B

«i\ flflV.·**W Y·' 
flfl s Ϊ'' ο ΐ~
III

■U- 
t«s®
® fl
-■.;> <.s s'

*?

ί'χ ΐΝ 
?ϊ 
fl fl 
Η

“21 
■N »Λ· y·

& „ <'¢-

li
'■<

fl-?;■ 
P 
0 
a, 
Sts 
sO 
R

a> l>

II 
h 
si

<v.' ·■ ·. b fl 
i! 
B
Ik Yt <\ ■W tf: 5* 
B-s ? £ 0 XX

X‘ ->* 
Si 
li
.¾

J 
II 
X :.' N fl fl fl $> Y* 
«1 
Hx <\ > c< t: N· s> *> & & s ■ x·1· X <* B
Y·' ·>' £> <t<>'· ? o 
Ί

<x •u· $V *C

£ .. <" 
'' ? t;

A 2 
>» „ e 
'' 12
S ■;:> 2 
» fl

'" x*· 
fls 

li 

5*<

a 
erΤ’
9X
«ί

£
'w.’·

i j > i
I 
p

fl < ■S'*4-Y
X $

s> +2
0>: ■** Xv

$* '·# ss
& 

5£

©
TX
5E u

X
1

N£Ό x«>X\
& Q

fl
£ y>
V
fl 
h

Υ* «■> SX S*<
I''
'? B'’5

sv1 ?N •fi ί»
r*fl
Jy

I&X:

&

Fx ·55
$ j;
<·' s'·
X; £‘
P

0 z M re <0 N

SUBSTITUTE SHEET (RULE 26)



WO 2014/151763
15/19

FI
G

. 1
5

PCT/US2014/026406

SUBSTITUTE SHEET (RULE 26)



WO 2014/151763 PCT/US2014/026406

16/19

:·: * & $ S 5 Ir> r* o
A.v 
N ...¢4

»

© 
¢4
■S.V.
©

©

© r* © ¢4
<33 
©

© «4 Nv> © 
-v.W)

r> e> «4X., ©

¢4 S"
©
4"

©
St

: © !
: © !
i «J ]

: Ϊ; Sv. Ϊ
: Ο I

(■SwSvMW^MW>ls\SSW^SW.SSX}
¢3 ^x.

■*» o «4 
o v*¢4

Φ
'J'.SSSSSSSSSSSS'^.SSSSSSSSSSSSKV.SSSSSS^

©
F·. 
s~

©
©
s~

s» <0>

«3 
©

© 
© XW

©
N 
«Μ

N
© 
©

t*> 
© 
«4

¢0 © t
r*
T

©
©¢4•X.©
«5

CO

6
LL

& 4 _,,. $ X }
G S « I N Ia χ s © s © ;
:>■ i ® [ S" S S" ;

isssssssssss^sssssssssssssssssssssssssss-J

I x © 
©

© © © © to

C4 > A
7 s ®© ! © €4 S ®* ( ch 
© !

ό
r*» <h
t*

© 
«3 
is

©

if*

ii. [

•S»'· ’S*
< V*4
ΪΛ $
G § <N

¢5W" <
©>

κ 1
»5 ISS !
U j

Q 
<SJ

1 > 
<N

© 
© 
3“ 
S“<© © ©1 
¥“ 
& 
□

$ CM 
$ r* 
ί Φ
Ϊ* Φ¢4i '•χ·. 
t ¥** t
^Λ'λΛΛΛΛΛΛΛΛλΛ

r~
¢4

¢8 
f-A 
f8

«£

SSSSSSSSSSSSSS-I

© 
© 
©

CM 
r* t 
r* 
Y* »O r*

■<■■

©
©
©

&> o ¢4 &>

P b*□

is 
©©

«μ ; t" i t" 
έ gV |«4 V“ i ©
T~ S

« I
<f~ i γ» 
’1»
~ 8 oV i ¢4 © 8 {» r* $

© rt © «Si ©

©
© ¢4 ■Sy«5 «4 
v»
W

<$$ © 
<4 
<4

ksSSSSSSSSSSS<{>SSSSSSSSSSSS,»\SS'>SSSS^»SS'>SSSSSSSS'>'^»SSSSSSSSSSSSS

©>

W ts » Ϊ © «3 j <4 «4 j if

«4 <■> © © ©

»
S"

< © 
V»< Φ

©
©N ©

W § 0
f* 4 <ft: V* » i Xv * 
? I £ ? 

© Ϊ © «4 
<t" i S“

0
■M
3 
<4

© © © «v- ©
i ¢3 s © ! ;·
Ϊ V ! © < 8

© : © < j
: * i < < :;
ϊ © i © ! ·
i © ^ © < J
Ϊ if if I 8
ϊ © i © < 8

•V'.V.V'.SW.VXS·

© 

©
«4
«3

©

is0
: JJJ
ί Φ

<
■kwUwWwwwkuwSUwUwsSwwwswswSw'iuwUwsSwwwUwwswUwUwsSwwwws Sww'XwswUwwwwwww'iww'iwswsSwwwsSwww

s» © © st

SUBSTITUTE SHEET (RULE 26)



WO 2014/151763 PCT/US2014/026406

17/19

FIG. 17
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FIG. 18
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