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NON-HLA MARKERS OF TRANSPLANT REJECTION

{0001] This application claims benefit of United States provisional patent application number
82/844 027, filed May 6, 2019, the entire contents of which are incorporated by reference

into this application.

ACKNOWLEDGEMENT OF GOVERNMENT SUPPORT

{0002 This invention was made with government support under Grant Numbers Al042819,
Al135201, and DK104687, awarded by the National Institutes of Health. The government

has certain rights in the invention.

FIELD OF THE INVENTION

{0003] The present invention generally relates to organ iransplantation rejection. In
particular, the present invention provides compositions, kits, assays, and methods of
determining if a subject has aliograft rejection, or an increased risk of developing rejection
after transplantation, and methods of treatment. Further, the present invention provides

biomarkers, such as non-HLA antibodies, associated with fransplantation rejection.

BACKGROUND

{0004] Organ transplantation from a donor to a host recipient is a feaiure of certain medical
procedures and treatment regimes. Following transplantation, immunosuppressive therapy is
typically provided to the organ recipient to maintain viability of the donor organ and to avoid
graft rejection. When organ transplant rejection occurs, the response is typically classified as
a hyperacute rejection, an acute rejection, or a chronic rejection. Hyperacute rejection
occurs within minutes to hours following organ transplantation, typically due to antibodies in
the recipient's blood stream that react with the new organ, and is usually characterized by
widespread glomerular capiliary thrombosis and necrosis. Acute rejection (AR} generally
occurs in the first 6 to 12 months foliowing organ transplantation, and is a compiex immune
response that involves T-cell recognition of alloantigen in the graft and an inflammatory
response within the graft itself. Chronic rejection is less well-defined than sither hyperacute

or acule rejection, and is likely dus to both antibodies and lymphocytes.

{00051 Despite advances in immunosuppressive therapies and transplantation procedures,
graft rejection is still a common risk in organ transplant recipients. For example, despile

improvements in immunosuppressive therapy over the years, approximately 30-40% of heart
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transplant recipients require treatment for AR in the first year after transplantation (see
Taylor et &/, J Heart Transplant., 2009, 28(10).1007-22). Furthermore, AR remains a risk
factor for graft dysfunclion, mortality, and the development of cardiac allograft vasculopathy
(CAV), which is the main cause of late grafi failure (see Raichlin ef &/, J Heart Lung
Transpiant, 2009, 28(4):320-7).

[00G6] With advances in human leukocyte antigen (HLA) antibody detection and improved
imrmunosuppression, short-term survival of allografls has increased over the past decade.
However, long-term outcomes remain largely unchanged and graft loss due to chronic

rejection is a significant problem.

{00077 HLA antibodies, particularly donor specific antibodies (DSA), contribute to antibody-
mediated rejection (AMR) and acute cellular rejection (ACR) after fransplantation. However,
a significant proportion of heart transplant patients have been found 1o have AMR in the
absence of HLA or DSA, suggesting that antibodies directed against non-HLA antigens are
associated with an increased risk of AMR. Antibodies o non-HLA antigens such as
vimenten, MHC class | polypeptide-related sequence A (MICA), and angictensin Il receptor
type 1 {AT1R}, and antibodies that target the endothelial cell are associated with AMR and
chronic allograft vasculopathy after heart transplantation. Additionally, antibodies to non-HLA
antigens have been identified and associated with poor outcomes after transplant with other

organs.

{00081 Endothelial cells (EC) are the first point of contact between the allograft and the
transplant recipient’s immune system and therefore a potential source of non-HLA antigens
that can stimulate a humoral immune response. The endothelial cell crossmatch (ECXM)
using primary human aortic EC (HAEC) and the XM-ONE® assay (Olerup SSP AR,
Stockholm, Sweden) that employs EC precursors have both been proven clinically relevant
to identify patient sera containing antibodies against EC. However, the utility of cell-based
assays is limited as they do not identify the antigen that binds the non-HLA antibody present
in patient sera. Consequently, the understanding of the breadth of non-HLA antigens that
glicit a humoral response leading to poor allograft ocutcomes is limited by the inability o

detect and characterize non-HLA antibodies.

{0008] Early detection of AR is one of the major clinical concems in the care of transplant
recipients, including recipients of solid organs such as heart, liver, lung, kidney, and
intestines. Detection of AR before the onset of organ dysfunction allows successful
freatment of AR with aggressive immunosupprassion. it is equally important o reduce

immunosuppression in patients who do not have AR to minimize drug toxicity. However, for
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most organs, rejection can only be unequivocally established by performing a biopsy of that

organ.

{G010] For example, the current definitive diagnosis of cardiac allograft rejection relies on
the endomyocardial biopsy (EMB), an expensive, invasive, and inconvenient procedure.
Most heart transplant recipients undergo routine EMB procedures up {0 15 times in the first
vear, and more frequently if rejection is detected. This procedure, however, is limited by
sampling error and interobserver variability {(see Deng ef a/., Am J Transplant., 2008,
6(1).150-80; Wong ef a/., Cardiovasc Pathol., 2005, 14(4):178-80). Fotential complications
include arterial puncture, vasovagal reactions and prolonged bieeding during catheter
insertion, arrhythmias and conduction abnormalities, pneumaothorax, biopsy-induced
tricuspid regurgitation, and even cardiac perforation (see Baraldi-Junkins ef &/, J Heart Lung
Transpiant, 1993, 12(1 Pt 1):63-7; Deckers et al., J Am Coll Cardiol., 1992, 19(1):43-7; Navia
et al., J Heart Valve Dis., 2008, 14(2):264-7).

001171 Although the diagnosis of acute rejection can be difficult, detecting immune-related
injury in a timely fashion is crucial to ensuring graft health and long-term survival. A
noninvasive biomarker pane! for acute rejection that allows frequent immunologic monitoring
of the graft would be of considerable value (see Evans ef &/, Am J Transplant., 2005,
5(6).1553-8; Mehra et al., Nat Clin Pract Cardiovasc Med., 2006, 3(3):1368-43). Recently, a
highly sensitive and specific gene-based biomarker panel was devejoped for diagnosis and
prediction of bicpsy confirmed acute renal transplant rejection (see Li efal, Am J
Transpiant., 2012, 12(10):2710-8; Bromberg et al., Am J Transplant, 2012, 12(10).2573-4},
which was independently validated in a randomized multicenter trial (see Chaudhuri ef &/,
Pediatric Transplantation., 2012, 16(5):E183-7, Naesens et al., Am J Transplant.,2012,
12{(10%:.2730-43). The diagnosis of acute rejection prior to development of histopathological
changes can enable the oplimization of immunosuppressive therapy o prevent progression

to chronic aliograft dysfunction (see Kienzl ef a/., Transplantation, 2009, 858(4):553-60).

[0012] A noninvasive assay that permits detection of acute graft rejection across different
organs with high specificity (fo reduce invasive protocol biopsies in patients with low risl of
AR) and with high sensitivity (fo increase clinical surveillance for patients at high risk of AR},
earlier than is currently possible, would result in timely dinical intervention in order to
mitigate AR, as well as to reduce the immunosuppression protocols for quiescent and stable
patients. Many assays are likely to be dependent upon recipient age, co-morbidities,
immunosuppression usage, and/or cause of end-stage renal disease. Therefore, there
remains a need for systems and methods for predicting, diagnosing, and monitoring an AR

response in a subject that has received an organ transplant.
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{0013] Further, rejection phenomena are not limited to heart allografts. All organ transplants,
including kidney transplants, are subject {0 rejection (.g., host versus graft disease). In
addition, rejection-like events accompany grafi versus host disease (e.g., where transplanted
leukocytes and lymphocytes atiack the host lissues) and aufoimmune disease {e.q.,
rheumatic fever, in which the heart is the target of an autcantibodies and auto-reactive
lymphocyies). In all cases, while aggressive immunosuppression is indicated to reverse or
correct the immune reaction, the associated danger of facilitation of opportunistic infections

constrains the use of immunosuppression.

{00147 Accordingly, there is a need in the art for highly accurate prognostic indicators, and
non-invasive assays thersof, of the likelincod of onset of allografi rejection. There is a further
need in the art for identifying markers pathologically contributing to or exclusively prognostic

indicators of rejection.

{0015] The present invention is the first to develop and validate a large high-throughput
multiplex bead array o test for the presence of novel and known non-HLA antibodies

associated with rejection.

{00181 All patents, patent applications, publications, documents, and articles cited herein are

incorporated herein by reference in their entireties, uniess otherwise stated.

BRIEF SUMMARY

100171 The present invention provides compositions, assays, kits, or methods of determining
if a subject has allograft rejection or subclinical allograft rejection, or an increased risk of

suffering from rejection after transplantation.

{0018} In some embodiments, the present invention provides a compaosition comprising a
collection of solid-phase substrates coated with one or more homogenous populations of
binding agents, wherein each homogenous population of binding agents specificailly binds {o
an antibody that is directed against a single antigen selected from the group consisting of:
dexamethasone-induced transcript (DEXH, C-X-C metif chemokine ligand 11 (CXCL11),
cytokeratin 18 {(KRT18), cytokeratin 8 (KRT8), Tubulin, including tubulin alpha 1 b (also
referred to as TUBa1b or TUBA1MR), latrophilin 1 (LPHN1), Colony stimulating factor 2
(CSF2), Signal Transducer And Activator Of Transcription 8 (STATS), lectin galactoside-
binding soluble 3 (LGALS3), SHC Adaptor Protein 3 (SHC3), Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), Glutathione S-Transferase theta-1 (GSTT1), phospholipase A2
receptor 1 (PLAZR1), interleukin 8 (IL-8), lectin galactoside-binding soluble 8 (LGALSS),
Small Nuclear Ribonucieoprotein Polypeptide N (SNPRN), Myosin, Peroxisomal trans-2-

enovl-CoA Reductase (PECR), vimentin (VIM}, ATP synthase H+ transporting mitochondrial
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F1 complex beta polypeptide (ATP5R), Collagen H, Prelamin-A/C (LMNA), small nuclear
ribonucieoprotein polypeptide B (SNRPB2Z), fibronectin 1 (FN1), Vinculin (VCL), Thyoglobulin
(TG), and nephrosis 1 (NPHS1) . In some embodiments, the coliection of solid-phase
subsirates further comprises one or more additional homogenous populations of binding
agents, wherein each additional homogencous population of binding agents specifically binds
to an antibody that is directed against a single additional antigen seleclted from the group
consisting of. Alpha-enolase (ENO1), Agrin (AGRN), Endomucin (EMCN), Sjogren syndrome
antigen B (88B), Actin, fms-related tyrosine kinase 3 ligand (FLT3LG), Protein kinase C ela
(PRKCH), and interfeukin 21 {L-21).

{00191 In ancther embodiment, the compositions of the present invention comprise a
collection of one or more distinct homogenous populations of binding agents with each
distinct homogenous population of binding agents only being able to specifically bind an
antibody that is directed against Tubulin, LPHN1, SNRPN, KRT18, KRT8, LGALS3,
SNRPB2, DEXI, Collagen Il, GAPDH, PLAZR1, GS8TT1, VCL, C8F2, LGALSS, STATS, TG,
1L-8, and SHC3.

1002071 In another embodiment, the compositions of the present invention comprise a
collection of distinct homogenous populations of binding agents with each distinct
homogenous population of binding agents only being able to specifically bind an antibody
that is directed against Tubulin, LPHNT, SNRPN, KRT18, KRT8, LGALSS3, SNRPB2, DEXI,
Collagen ii, PLAZR1, GS8TT1, VCL, CBF2, LGALSE, and STATE.

{30217 In ancther embodiment, the compositions of the present invention comprise a
collection of distinct homogenous populations of binding agents with each distinct
homogenous population of binding agents only being able to specifically bind an antibody
that is directed against Tubulin, LPHN1, SNRPN, KRT18, KRT8, LGALS3, SNRPBE2, DEXI,
Collagen I, PLAZR1, GSTT1, VCL, C8F2, LGALSS, STATS, iL-8, and SHC3

100221 In another embodiment, the compositions of the present invention comprise a
collection of distinct homogenous populations of binding agents with each distinct
homogenous population of binding agents only being able to specifically bind an antibody
that is directed against Tubulin, LPHN1, SNRPN, KRT18, KRTS, LGALS3, SNRPB2, DEX!,
Collagen i, PLAZR1 and GBTT1.

{00231 In ancther embodiment, the compaositions of the present invention comprise a
collection of distinct homogenous populations of binding agents with each distinct
homogenous population of binding agents only being able to specifically bind an antibody
that is directed against Tubulin, LPHN1, TG, GAPDH, FN1, NPHS1, VIM, Myosin, VCL and
PECR.



10

15

20

25

30

35

WO 2020/227376 PCT/US2020/031627

{0024] In some embodiments, compositions of the present invention comprise a collection of
distinct homogenous populations of binding agents with each distinct homogenous
population of binding agents only being able to specifically bind an antibody that is direcled
against DEXI, LGALSS, SNPRN, C8F2, 1L-8, STATS, LCALSS, KRT18, KRT8, GSTT1,
LMNA, Collagen I, ATPSB, SNRPB2 and PLAZR1.

00251 In some embodiments, compositions of the present invention comprise a coliection of
distinct homogenous populations of binding agents with each distinct homogenous
population of binding agents only baing able {o specifically bind an antibody that is directed
against Tubulin, SHC3 and CXCL11.

{00261 In certain embodiments, the solid-phase substrates is porous or non-porous. In
certain embodiments, the solid-phase subsirates comprise particles, nanoparticles, beads,
nanobeads or microspheres. In certain embodiments, the beads are polysiyrene beads. In
certain embodiments, the collection of solid-phase subsirates comprises those that are plate
or membrane bound or a microarray. In certain embodiments, the solid-phase substrates are
fluocrescently labeled, magnetically labeled, chemiluminescent, or radio labeled. in certain
embodiments, the solid-phase substrates are labeled with 2 small molecule. In certain
embodiments, the one or more homogenous populations of binding agents are conjugated to
the surface of the solid-phase substrates. In certain embodiments, the conjugation is
covaient. in certain embodiments, the one or more homogenous populations of binding
agents are attached to the surface of the solid-phase substrates by affinity. In certain
embodiments, the binding agent is a protein, peptide or polypeptide. In certain embeodiments,
the solid-phase substrates are coated with one or more different homogenous populations of
binding agenis that bind to one or more different antigens, and each of the solid-phase

subistrates is detectably distinguishable from the other solid-phase substrates.

100271 In some embodiments, the present invention provides a method for determining the
presence of one or more antibodias in a biclogical sample obtained from a subject. In some
embodiments, the method comprises contacling the biological sample with the composition
disclosed herewith, and detecting the binding of the one or more homogenous populations of
binding agents {¢ the one or more antibodies. In certain embodiments, the subjectis a
mammal. In certain embodiments, the subject is a human. In certain embodiments, the
subject has received or will receive an organ transplant such as a heart or kidney transplant.
in certain embodimenis, the heart or Kidney transplant is an allograft heart or Kidney
transplant, respectively. In certain embodiments, the biclogical sample is blond, plasma,
serum, urine, spinal fluid, lymph fluid, synovial fluid, cerebrospinal fluid, tears, saliva, milk,

mucosal secretion, effusion, sweat, biopsy aspirates, ascites or fluidic exiracts. In certain
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embodiments, the detecting is by measuring a flucrescence intensity or by an immunological

analysis.

{3028] In some embodiments, the present invention provides a method for diagnosing a
transplant rejection response in a subject that has undergone a heart or Kidney transplant.
in some embodiments, the method comprises contacting a biological sample obtained from
the subiect with the composition disclosed herein, and measuring the ievels of the one of
more antibodies in the sample. In certain embodiments, increased levels of the one or more
antibodies, compared {o reference levels, indicates that the subject has developed a

transplant rejection response in response to the heart or kidney fransplant.

{00291 In some embodiments, the present invention provides a method for predicting the
fikelinood of a fransplant rejection response in a subject in need of a heart or kidney
transplant. In some embodiments, the method comprises contacting a biolegical sample
from the subject with the composition disclosed herein, and measuring the levels of the one
or more antibodias in the sample. In certain embodiments, increased levels of the one or
more aniibodies, compared o reference levels, indicates thal the subject has an increased

likelihood of developing a transplant rejection response after a heart or kidney transplant.

{00307 In some embodiments, the present invention provides a method of treating a subject
in nead of treatment for a transplant rejection response afler receiving a heart or Kidney
transplant. In some embodiments, the method comprises contacting a biological sample
obtained from the subject with the composition disclosed herein, measuring levels of the one
or more antibodies in the sample, and administering a treatment for transplant rejection to
the subject when there are increased levels of the one or more antibodies, compared 1

reference levels of the one or more antibodias.,

[0031] In some embodiments, the present invention provides a kit. In certain embodimenis,
the kit comprises the compositions disclosed herein, and reagenis for detecting the binding
of the one or more homogenous populations of binding agents to the antibodies. In other

embodiments, the kit further comprises one or more reference samples.

BRIEF DESCRIPTION OF THE DRAWINGS

{0034] Figure 1 depicts the non-HLA antibedies significantly associated with (A} pediatric
and {B) adult renal allograft rejection. A. High throughput multiplex bead analysis was used
to identify non-HLA antibodies in sera from pediatric renal transplant patients (n=34 rejection
sera, n=85% non-rejection sera). Antibodies to 15 non-HLA antigens (y-axis) were identified

to be significantly associated with the time o first rejection with an odds ratio >1 O-axis).
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Seven of these, DEXI, CSF2, iL-8, LGALS3, SNPRN, 8TATS and LGALSS, are newly
described in relationship to renal transplant rejection. Bars represent the 85% confidence
interval (Cl). (B) Antibodies to 3 non-HLA antigens (Tubulin, CXCL11, SHC3) were
significantly associated with renal allograft rejection in adult renal transplant recipients (n=70
rejection sera, n=90 non-rejection sera). The risk ratios for antibody binding to the remaining
non-HLA antigens on the mulliplex panel that were not significantly different from one are not

shown. * denotes p<0.05, all other non-HLA Ab shown are p<0.1.

[0033] Figure 2 depicts the results of a correlation matrix analysis showing hierarchical
clustering of non-HLA antibodies in independent studies of (A) adult cardiac, (B) pediatric
renal, and (C) aduit renal allograft rejection sera. (A) Non-HLA antibodies associated with
cardiac allografl rejection selectively cluster into 4 groups. Two non-HLA antibodies are
newly identified to be associated with cardiac aliograft rejection in this study (TG and
LPHN1). (B) The matrix describes correlation of non-HLA antibodies found in sera of
pediatric renal transplant patients with rejection. Non-HLA aniibodies associated with renal
allograft rejection selectively cluster into 8 groups. Seven non-HLA antibodies are newly
identified to be associated with renal allograft rejection in this study (DEXI, CSF2, IL-8,
LGALS3, SNPRN, STAT6 and LGALSS). Four non-HLA antibodies cluster independently
(PLAZR1, C8F2, G&TT1, and LGALSS). (C) The targets found to be significant in the
pediatric renal cohort were used to develop a correlation matrix in the adult renal cohort.
Antigens thatl are independently correlated with rejection are similar between the pediatric

and adult renal transplant patients with rejection.

[0034] Figure 3 depicts the resulis of a correlation matrix analysis showing hierarchical
clustering of non-HLA antibodies in a combined analysis of pediairic renal and adult renal
allograft rejection sera. The matrices describe correlation of non-HLA antibodies found in
sera of rejection patients in a combined analysis of pediatric renal and adult renal sera. Non-
HLA antibodies associated with renal allograft rejection selectively cluster into 8 groups.
Antibodies to eight non-HLA antigens are newly identified {0 be associated with renal
allograft rejection (LGALSS, SHC3, STATS, DEX, 1L-8, LGALSS, SNPRN, and CSF2) and 4
non-HLA antigens cluster independently (PLAZR1, STATS, GSTT1, and CSF2).

{0035] Figure 4 depicts a classification algorithm identifying Non-HLA antibodies that predict
renal aliograft rejection. Classification and regression tree (CART) analysis showing a binary
decision tree that assesses the classification of rejection based on non-HLA antibody
strength (MFI). A, CART analysis of sera isclated from adult cardiac allograft transplant
patients (n=567 sera). A 1,000 MF! cut point was used in the analysis. The root node, LPHN1,
that includes all 67 sera, 49% of which are rejection samples splits at an MFI<1000 into child

nodes. As the algorithm progresses o terminal nodes, 65% of rejeciion samples are
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correctly identified (far right, dark boxes). Scale bar indicates association with rejection with
fighter terminal node boxes correlating to non-rejection. B. CART analysis of sera isolated
from pediairic renal allograft transplant patients (n=129 sera). A 1,000 MFI cut point was
used in the analysis. The root node, SNPRN, that includes all 120 sara, 28% of which are
rejection samples splits at an MFI<1000 into child nodes. As the algorithm progresses o
terminal nodes, 56% of non-rejection samples are correctly identified (far leR, light boxes).
Scale bar indicates association with rejection with lighter terminal node boxes correlating fo

non-rejection.

{00361 Figure 5 illustrates non-HLA antibodies sorted into 4 groups. The first group are
those non-HLA antibodies that were found in mulliple transpiant cohorts (Core: Tubulin) and
all that are predictive of rejection in the CART analysis (Figure 4). Group 2 are those non-
HLA antibodies that sort independently in a correlation malrix and all newly Identified
(highlighted with shading, and inclusive all such targets throughout all groups). Two non-
HLA antibodies, PLAZR and GETTH1, are found in groups 1 and 2. Group 3 includes those
non-HLA antibodies that are found together in correlation matrix analyses and are
independent of Groups 1 and 2. Group 4 includes all non-HLA antibodies that are found to

he associated with rejection (Table 4).

[0037] Figure 6 illustrates non-HLA antibodies sorted into 4 groups after expanded analysis
with cardiac allografis. The first group are those non-HLA antibodies that were found in
multiple transplant cohorts (Core: Tubulin) and all that are predictive of rejection in the CART
analysis (Figure 4). Group 2 are those non-HLA antibodies that sort independently in a
correlation matrix and all newly ldentified (highlighted with shading, and inclusive all such
targets throughout all groups). Group 3 includes those non-HLA antibodies that are found
together in correlation matrix analyses and are independent of Groups 1 and 2. Group 4

includes all non-HLA antibodies that are found 10 be associated with rejection (Table 4).

DETAILED DESCRIPTION

{3038] The present invention concerns the diagnosis, prognosis, and/or freatment of acute,
chronic, or delayed rejection of heart or Kidney fransplant. In some embodiments, the
invention relates to methods of determining if a subject has an increased risk of developing

rejection after fransplantation. In some embodiments, the rejection is an acute rejection.

[0038] Further, the present invention provides biomarkers (such as protein markers)
associated with transplantation. The biomarkers {such as protein markers) described herein
can be used in the prediction, diagnosis, prognosis, or treatment of rejection of heart or

Kidney transplant.
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{00407 The present invention further encompasses devices for analyzing ong or more
protein or antibody markers from a subject 1o determine the presence or absence, or the
level of the one or more markers. The presence or absence, or the level of one or more
markers is indicative that the subject may have an increased or decreased risk of developing
rejection {o the organ franspiantation compared o a control subject (e.¢., a healthy subject

who does not express the one or more markers).

{0041] The term "collection of solid-phase substrates” refers to a group of substrates that
are solid in nature, or can be formed on a solid surface. The term collection means more
than one solid substrate, and the number of substrates is determined by the number of
distinct markers, such as an antibody, that are being assays according o the methods of the

present invention.

{00427 The term “homogenous population” refers to a population of molecules that is
identical with respect t¢ thelr molecular structure. In one embodiment, the homogenous
population is a coliection of a single binding agent that specifically binds to an antibody in a
sample, wherein the binding agent has the same amino acid sequence. in ancther
embodiment, the homogenous population is a collection of a single binding agent that
specifically binds to an antibody in a sample, wherein the binding agents all have the

identical protein structure.

[0043] The term "transplantation” or “transplant” refers to the procedure that donor tissue,

such as a heart or kidney, is joined with the graft recipient's body.

{00447 The term "allogeneic” or "allograft” refers o transplantation of an organ from the
same species of animal. However, "xenogeneic” transplants, that is, transplantation of
organs from other species of animal into a human, 2.g., with hearts or kidneys harvested

from transgenic pigs, are aiso contemplated by the present invention.

[0045] The term "rejection” or “transplant rejection” is used herein to refer io the rejection by
the immune sysiem of a tissue transplant recipient when the transplanied tissue is
immunologically foreign. In specific embodiments, lissue rejection includes but is not limited
to, autoimimune organ rejection, e.g., pericarditis, and graft-versus-host mediated rejection.
Most frequently, organ rejection occurs following allograft or xenograft transplantation. In
some exampies, the rejection is an acute rejection. In some examples, the rejectionis a

chronic refection.

{0048] As used in the art, “acute rejection” is the form of rejection that occurs within the first
six months of transplantation, is often medialed by mononuciear cells infiltrating the graft

causing acute damage to graft parenchymai cells
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{00477 As used in the art, “chronic rejection” is the form of rejection that develops within
months to years after transplantation. Chronic rejection is the major cause of long-term graft

0ss.

{00481 The term "marker” or “biomarker” is used interchangeably herein to refer to a protein,
such as an antibody, thal demonstrates aliered levels of expression, compared to normal
levels, preceding or during heart or kidney fransplant rejection. In some embodiments, such
proteins are antibodies directed against non-HLA proteins, "non-HLA antibodies,” associated
with immune or inflammatory responses. In other embodiments, a marker is g protein found
in the tissue of the rejecled organ prior to onset of a rejection episode. For example, a
marker as used herein is a non-HLA antibody disclosed herein, e.g., in Table 4. In a specific
example, the markers of the invention are proteinaceocus molecules, and as such, may be
modified by the cells that express them. In some cases, partial sequence data confirms that
spots having only slight variation in molecular weight, iscelectric point, or both, represent
variously modified forms of the same protein. Such modifications include, but are not limited
to, glycosylation differences, phosphoryiation, N-ferminal acetylation, C-terminal amidation,

mRNA splicing variations, and the like.

{0049] The term "binding agent” refers {0 a molecule that specifically recognizes and binds
to a target molecule of interest. Non-limiting examples of binding agents include any
molecules that can form immunocompiexas with a target molecule. For example, in one
specific embodiment, the target molecule may be an antibody or antibody fragment, and the
binding agent would be, in this particular embodiment, an antigenic molecule, such as but
not limited to a polypeptide, 1o which the antibody or fragment thereof would bind

specifically.

005807 The term “antibody” refers to an immunoglobulin molecule or fragment thereof that
recognizes and specifically binds 1o a target, such as a profein, polypeptide, peptide,
carbohydrate, polynuclectide, lipid, or combinations of the foregeing through at least one

antigen recognition site within the variable region of the immunogiobulin molecule.

[0051] The terms "polypeptide,” "peptide,” and "protein” are used interchangeably herein o
refer {o polymers of amino acids of any iength. As used herein, the term polypeptide may
refer to a natural or synthetic molecule comprising two or more amino acids linked by the
carboxyl group of one amino acid to the alpha amino group of ancther. In select
embodiments, a polypeptide is the binding agent used in the methods and compositions of
the present invention. The polypeptides that are used as binding agents in the methods and
compaositions of the present invention can be of various animal origin, including but not

imited to, human, simian, muring, porcineg, boving, canine, equineg, oving, hircing, and
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cunicular. in certain embodiments, the polypeptide used as the binding agent is a
recombinant peptide. The polypeptide can be linear or branched, it can comprise modified
amino acids, and it can be interrupted by non-amino acids. The terms also encompass an
amino acid polymer that has been modified naturally or by intervention, for exampile,
disulfide bond formation, givcosylation, lipidation, acetylation, phosphorylation, or any other
manipulation or modification, such as conjugation with a labeling component. Also included
within the definition are, for example, polypeptides containing one or more analogs of an
amino acid, or polypeptides comprising one or more conservative substitutions, as well as

other modifications known in the art.

{00521 The definition of polypeptide of the present invention encompasses antigens or
antibodies. For example, the polypeptide can be an antigenic binding agent that specifically
binds to the non-HLA antibodies disclosed herein. In some embodiments, the antigenic
binding agents comprise the full-length protein or a protein fragment thereof. In some
embodiments, the antigenic binding agent comprises or consisis of the antigenic determinant
thereof. In some embodiments, the antigenic binding agent is of human origin. in other
embodiments, the antigenic binding agent is of non-human origin, such as but not limited to

simian, murine, porcine, bovine, canine, eguine, ovine, hircine, and cunicular.

[0053] The term "labeled” as used herein means that the entities comprise a member of a
signal producing system and are thus detectable, either directly or through combined aclion
with one or more additional members of a signal producing system. Examples of directly
detectable labels include isotopic and fluorescent moleties, often covalently bonded fo the
solid-phase subsirates, the binding agents, and/or the biclogical samples. The label may
include, but is not limited o a flucrescent label, an immunolabel, a magnetic label, a DNA

label, a small molecule [abel, or a radiclabel

00841 The term “affinity” as used herein means o bind or attach noncovalently.
Noncovalent refers to interactions that do not involve the formation of covalent chemical
honds. Noncovalent aitachments involve associations between or among molecules and
may involve one or more of a variety of noncovalent forces, such as but not limited to,
hydrogen bonds, Van der Waals forces, and elecirostatic forces. If a ligand has an affinity for
a particular farget, that means there is a favorable tendency for the ligand 10 associale
specifically and noncovalently with the target to form a complex or complexes. The affinity of
a ligand for its target depends on a number of factors, including but not limited to, the
conformation of the ligand, the conformation of the target and local environmental
parameters such as temperature and ionic conditions, which can strongly influence binding

without significantly altering conformation. Non-limiting examples of affinity attachment
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include the binding between biotin and sireptavidin, histidine and nickel, or antibody and

antigen.

{O055] As used herein, the term "detect” refers to the qualitative or quantiative
measurement of undetectable, low, normal, or high concentrations of one or more
biomarkers in the biological sample, such as, for example, antigens, antibodies, or other

biological molecules.

[0088] The term "iikelihood of organ rejection” refers to the probability of a rejection episode,
which can be predicted based on the level of expression of a marker or markers disclosed

herewith,

{0057] The term “increased expression” of a marker or markers in a test sample refers to
elevated ievels of expression of the marker(s) compared to the level of the corresponding
marker(s) in a reference sample, or presence of the corresponding marker(s) in a test
sample that are not expressed in a reference sampie. In some embodiments, the level of a
marker as used herein refers {o the circulating level of a marker. The term "circulating leval”
is intended to refer 1o the amount or concentration of a marker present in a circulating fluid.
Circulating levels can be expressed in terms of, for example, absoclute amounts,
concentrations, amount per unit mass of the subiect, and can be expressed in terms of
relative amounts. The level of a marker may also be a relative amount, such as but not
limited to, as compared {0 an internal standard, or baseling levels, or can be expressed as a
range of amount, a minimum and/or maximum amount, a mean amount, a median amount,
or the presence or absence of a marker. In one example, the increased expression is
measured by the median fluorescence intensity (MF1D. In other examples, the increased
expression is measured by, for example, immunohistochemisiry (IHC), enzyme-linked
immunosorbent assay (ELISA), or electrochemiluminesence ELISA. in one example, the
increased expression refars 1o the elevated lavel or the presence of one maker disclosed
hersin. In one example, the increased expression refers to the level or the presence of g

collection of markers disclosed herein.

[0058] A "sample,” “test sample,” or “biclogical sample” as used interchangeably herein is of
biclogical origin, in specific embodiments, such as from a mammal. In certain examples, the
sample is a tissue or body fluid obtained from a subject. In other certain examples, the
sample is a human sample or animal samples. Non-limiting sources of a sample include
blood, plasma, serum, urine, spinal fluid, iymph fluid, synovial fluid, cerebrospinal fluid, tears,
saliva, milk, mucosal secretion, effusion, sweal, biopsy aspirates, ascites or fluidic extracts.

In a specific example, the sample is a fluid sample. In some embodiments, samples are
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derived from a subject (e.g., a human) comprising different sample sources described

herein.

{G058] The term "subject” refers to any animal, e.g., 2 mammal, including, but not limited to
humans and non-human primates, which is to be the recipient of a particular treatment.
Typically, as used herein, the terms individuai, patient, subject, and “test subject” are used
interchangeably and indicate a mammal, in particular 2 human or non-human primate. In
some embodiments, the subject is an adult. In one embodiment, the adult subject is a post-
pubescent human. In ancther embodiment, the subject is a pubescent human. The term
“adult” does not inciude pre-pubescent children. A subject of inferest includes one who is to
be tesied, or has been tested for assessment (e.q., prediction, diagnosis, identification, etc.)
of allograft rejection. The subject may have been previously assessed or diagnosad using
other methods, such as those described in current clinical practice. In some embodiments, a
subject of interest belongs to a patient sub-population. For example, any of the methods
described herein may have use in assessing acute rejection in a patient sub-populaiion with
a cardiac or renal aliograft rejection (e.g., an acute rejection) score of Grade 0, Grade 1A,
Grade 1B, Grade 2, Grade 3A, Grade 3B, or Grade 4. In some embodiments, the subject
has a allograff rejection score of = Grade 1B. in some embodiments, the subject has at least
one histologically proven rejection episode. in some embodimenis, the acute cellular
rejection {ACR) and antibody-mediated rejection (AMR) are assessed by endomyocardial
biopsy (EMB) according to the International Society for Heart and Lung Transplantation
(ISHLT) criteria. in some embodiments, the subject has ACR 1R In some embodiments, the
subject has ACR 2R. In some embodiments, the subject has ACR 3R. In some
embodiments, the subject has AMR. In some embodiments, the subject has mixed ACR and
AMR. In some embodiments, the subject may or may not have had a biopsy, such as a renal
or cardiac biopsy. Use of any of the methods, compositions, or kifs describad herein can
non-invasively assess a rejection response in a subject that possibly has a cardiac or renal

allograft rejection.

{00807 A “reference sample” is used to correlate and compare the resuits obtained from a
test sample. Reference samples can be any biclogical samples as used hergin. The
methods of the present invention involve a comparison between levels of one or more
markers, e.g., the non-HLA antibodies disciosed herein, in a test sample and a “reference
level.” A reference sample can be obtained from various subgroups of individuals, such as
but not imited {o healthy individuals, individuals who have never received an organ
transplant, individuals who have received an organ transplant but have never developed a
severe rejection reaction to the transplant and individuals of any age groups. A reference

sample aiso may be obtained from a subject before the subject receives a transplant, or
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before the subject develops a rejection to transplant. The level of a marker in the “reference
sample” is referred {0 as the "reference level” Non-limiting examples of reference samples

or reference levels are provided below in Example section.

{0061] The term "immunological analysis" refers to characterization of the markers disclosed
herewith based on immunospecific binding, i.e., reactivily with a specific binding parner of
the marker. The paradigm of a specific binding partner is an antigen, in the event that the
marker is an antibody. Accordingly, any technigues applicable to antigen-antibedy binding
extend to binding of any specific binding pariner of a marker. Examples of immunological
analysis techniques include, but are not limited to immunoblotting, ELISA, radio-
immunecassay (RIA), agglutination, immuncflucrescence, immunochemiluminescence,

immunochromatography, [HC, biosensor, optical sensor, and immunoprecipitation.

{0082] Reference to "about” a value or parameter herein includes (and describes)
embodiments that are directed o that value or parameler per se. For example, description
referring to "about X" includes description of "X." The term "about" is used {o provide
flexibility to a numerical range endpoint by providing that a given value may be "a liltle
above" or "a little below” the endpoint without affecting the desired resull, but also includes a
range of +/- 10% of the indicated value. Concentrations, amounts, and other numerical data
may be expressed or presented herein in a range format. itis to be understood that such g
range format is used merely for convenience and brevity and thus should be interpreted
flaxibly to include not only the numerical values explicitly recited as the limits of the range,
but aiso to include all the individual numerical values or sub-ranges encompassed within that

range as if each numerical value and sub-range is explicitly recited.

{00631 As used herein, the singular forms "a," "an," and "the" include plural forms uniess the

cortext clearly dictates otherwise.

006471 Unless defined otherwise, 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.

{0088] The practice of the present invention will employ, unless otherwise indicated,
conventional technigues of protein biclogy, protein chemistry, molecular biology (including
recombinant techniques), microbiology, cell biclogy, biochemisiry, and immunology, which
are within the skill of the art. Such techniques are explained fully in the literature, such as
“Molecular Cloning: A Laboratory Manual”, second edition (Sambrook ef a/., 1889); "Current
Protocols in Molecular Biology” (Ausubel ef a/., eds., 1887, periodic updates); “PCR: The
Polymerase Chain Reaction”, (Mullis ef a/., eds., 1884); and Singleton et al., Dictionary of
Microbiology and Molecular Biology, 2nd ed., J. Wiley & Sons (New York, N.Y. 1994).
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{00661 A biomarker of the present invention encompasses a protein, such as an antibody,
expressed by cells in subjects undergeing, or having undergone, a heart or Kidney transplant
rejection reaction. The marker proteins are typically expressed at very low levels, or not
expressed in reference sampies. In some embodimenis, the level of expression of a marker
protein increases in association with impending or onset of organ rejection, e.g., an acute

rejection.

[0087] The present invention provides homogenous populations of binding agents {o

biomarkers, e.g., non-HLA antibodies, asscciated with allograft rejection.

{0068} In another embodiment, the invention provides non-HLA antibodies that are
predictive of allograft rejection, including but not limited to Tubulin, LPHN1, SNRPN, KRT1§,
KRTS, LGALS3, SNRPB2, DEXI, Coliagen i, PLAZR1, G&ETT1, VCL, CSF2, LGALSS,
STATE, GAPDH, IL-8, SHC3, ENO1, AGRN, EMCN, and 88B. In some embodiments, any
one, or any combination of two or more, of the forgoing non-HLA antibodies are informative
as markers of allograft rejection. In some embodiments, a combination of non-HLA
antibodies that are informative of allograft rejection based on additional organ-specific
analysis includes Tubulin, LFHNT, SNRPN, KRT18, KRTS, DEX!, and GAPDH. In some
embodiments, assessing the levels of any one, or any combination of two or more, of
Tubulin, LPHN1, SNRPN, KRT18, KRTS, LGALS3, SNRPB2, DEXI, Collagen Hl, PLAZR1,
GSTTH, VCL, CBF2, LGALSS, STATE, GAPDH, IL-8, SHC3, ENO1, AGRN, EMCN, and
33SE non-HLA antibodies is predictive of allograft rejection. In some embodiments, a
combination of non-HLA antibodies that are informative of allograft rejection, for example,
based on additional organ-specific analysis, includes Tubulin, LPHN1, SNRPN, KRT18,
KRT8, DEXI, and GAPDH.

[0064] In some embodiments, any one, two, three, four, five, six, seven, eight, nine, ten, 11,
12, 13, 14 or 15 of the Tubulin, LPHN1, SNRPN, KRT18, KRT8, LGALS3, SNRPB2Z, DEXI,
Collagen il, PLAZR1, GSTT1, VCL, C8F2, LGALSS, and STATS non-HLA antibodies are
informative as independent markers of allograft rejection. In some embodiments, any one,
two, three, four, five, six, or seven additional non-HLA antibodies, of GAPDH, 11-8, SHC3,
ENC1, AGRN, EMCN, and S8B, are informative as independent markers of aliograft
rejection. In some embodiments, assessing the levels of any one, two, three, four, five, six,
seven, eight, nine, fen, 11, 12, 13, 14 or 15 of the Tubulin, LPHN1, SNRPN, KRT18, KRTS,
LGALSS3, SNRPB2Z, DEX, Collagen i, PLAZR1, G8TT1, VCL, C5F2, LGALSS, and STATE
non-HLA antibodies are predictive of allograft rejection. In some embodiments, assessing
the levels of any one, two, three, four, five, six, or saeven of the GAFPDH, IL-8, SHC3, ENO1,
AGRN, EMCN, and S8B non-HLA antibodies are predictive of allograft rejection.
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{00707 In some embodiments, assessing the levels of any one, two, three, four, five, six,
seven, aight, nine or ten of the Tubulin, LPHN1T, TG, GAPDH, FN1, NPHS1, VIM, Myosin,
YCL and PECR non-HLA antibodies are predictive of cardiac allograft rejection. For
example, assessing levels of TG and LPHN1 non-HLA antibodies is predictive of cardiac
allograft rejection. In another example, assessing levels of Tubuiin, LPHN1, TG and VCL
non-HLA antibodies is predictive of cardiac allograft rejection. In another example,
assessing levels of Tubulin, LPHN1 and TG non-HLA antibodies is predictive of cardiac
allograft rejection. In another example, assessing levels of DEXI, EMCN, SNRPN, LPHN1
and S8B non-HLA antibodies is predictive of cardiac allograft rejection. in another example,
assessing levels of KRT18, GARPDH, AGRN, ENO1 and EMCN non-HLA antibodies is
predictive of non-rejection. In some embodiments, assessing the levels of any one, two,
three, four, five, six, seven, eight, ning, ten, eleven, twelve, thirteen, fourteen, fifteen,
sixteen, seventeen, or eighteen of the ENC1, AGRN, EMCN, S8E, Actin, FLT3LG, PRKCH,
H-21, Tubulin, LPHN1, TG, GAPDH, FN1, NPHS1, VIM, Myosin, VCL and PECR non-HLA

antibodies are predictive of cardiac allograft rejection.

[0071] In some embodiments, assessing the levels of any one, two, three, four, five, six,
saven, sight, nine, ten, 11, 12, 13, 14 or 15 of the DEXI, LGALS3, SNPRN, CSF2, IL-8,
STATS, LGALSSE, KRT18, KRTE, G3TT1, LMNA, Collagen H, ATPSR, SNRPB2Z and PLAZR1

non-HLA antibodies are predictive of pediatric renal allograft reiection.

{0072 For example, assessing levels of DEXI, LGALS3, SNPRN, CSF2, IL-8, STATS and
LGALSSE non-HLA antibodies is predictive of renal allograft rejection. In another example,
assessing levels of DEXI, LGALS3, SNPRN, CSF2, STATS, LGALSS, KRT18, KRTS,
G3TTH, Collagen I, SNRPB2, and PLAZR1 non-HLA antibodies is predictive of renal
allograft rejection. In another example, assessing levels of Tubulin, DEXI, LGALSS,
SNFRN, KRT18, KRT8, GSTT1, Coliagen ll, SNRPR2Z and PLAZRT non-HLA antibodies is

predictive of renal allograft rejection.

[0073] In some embodiments, assessing the levels of any one, two or three of the Tubulin,

SHC3 and CXCL11 non-HLA antibodies are predictive of adult renal aliograft rejection.

[0074] In certain embodiments, the invention provides a compaosition for determining the
presence of one or more antibodies in a biclogical sample. In cerfain embodiments, the
composition comprises a collection of solid-phase substrates coated with one or more
homogenous populations of binding agents. In certain embodiments, each of the
homogenous population of binding agents specifically binds to a non-HLA antibody

disclosed herein.
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{0075] In some embodiments, the coating is by conjugation, i.e., the one or more
hornogenous populations of binding agents are conjugated o the surface of the solid-phase
subsirates. In some embodiments, the conjugation is covalent. In some embodiments, the
coating is by covalent atiachment. Example of covalent attachment includes but is not limited
to glutaraldehyde. In some embodiments, the coating is by covalent crosslinking. Examples
of covalent attachment include but are not limited to 1-ethyl-3-(3-
dimethylaminopropyi)carbodiimide hydrochioride (EDC), H-benzotriazol-1-yloxyltris
(dimethylamino) phosphonium hexafluorophosphate (BOP), N-sthoxycarbonyl-2-ethoxy-1,2-
dihydroguincline (EEDQ), (1-[3-(dimethylamino)propyil-3-ethylcarbodiimide hydrochioride)
(EDAC), and N-hydroxysuccinimide (NHS). In some embodiments, the coating is by physical
adsorption. In some embodiments, the coaling is by encapsulation. Examples of
encapsulation include but are not limited to polymers. in some embodiments, the coating is
by affinity altachment. Examples of physical adsorption include but are not limited {o
biotin/streptavidin, histiding/nickel, and antibody/antigen. Methods for covalent attachments,
covalent crosslinking, physical adsorption, encapsulation, and affinity attachment are

generally known in the art and are encompassed by the present inventiorn.

[0076] In some embodimenits, the solid-phase substrates comprise particles, nanoparticles,
beads, nancbeads, or microspheres. In some embodiments, the solid-phase subsirates can
be porous or nonporous. n some embodiments, the substrate can be array-based. In
ancther embodiment, a solid-phase substrate of the present invention comprises a
magnetic-based protein assay component. In other embodiments, the substrate can be
organic or inorganic; can be metal {e.g., copper or silver) or non-metal; can be a polymer or
nonpolymer; can be conducting, semiconducting or nonconducting (insulating); can be
reflecting or nonreflecting; elc. For example, the substrate can comprise polysthylens,
polytetrafluoroethylene, polystyrene, polvethylene terephthalate, polycarbonate, gold, silicon,
siticon oxide, silicon oxynitride, indium, fantalum oxide, niobium oxide, titanium, titanium

oxide, platinum, iridium, indium tin oxide, diamond or diamond-like film, etc.

{0077 Subsirates as described above can be formed of any suitable material, including but
not limited to a material selected from the group consisting of metals, metal oxides, alloys,
semiconductors, polymers (such as organic polymers in any suitable form including woven,
nonwoven, moided, extruded, cast, etc.), silicon, silicon oxide, ceramics, glass, and

compaosites thersof.

[0078] In certain embodiments, the solid-phase substrates are labeled. In certain
embodiments, the binding agents are labsled. In certain embodiments, the biclegical
samples are labeled. In some embodiments, any one or two components of the above are

labeled. In some embodiments, all of the above are labeled.
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{00791 In one embodiment, the label is a fluorescent moiety. Fluorescent moieties or labels
of interest include, but are limited o, coumarin and its derivatives, e.¢g. 7-amino-4-
methylcoumarin, aminocoumarin, bodipy dves, such as Bodipy FL, cascade blue, fluorescein
and its derivatives, e.g. fluorescein isothiocyanate, Oregon green, rhodamine dyes, e.g.
texas red, tetramethyirhodamine, eosins and erythrosing, cyanine dyes, e.g. Cy3 and Cy5,
macrocyclic chelates of lanthanide ions, e.¢g. quanium Dye™ fluorescent energy transfer
dyes, such as thiazole orange-sthidium heterodimer, TOTAB, etc. In one embodiment, the
fiuorescent label is a phycoerythrin {e.q., R-phycoerythrin (R-PE)). R-PE exhibits extremely
bright red-orange flucrescence with high guantum yields. 1t is excited by iaser lines from 488
to 561 nim, with absorbance maxima at 486, 548, and 565 nm and a fluorescence emission
peak at 578 nm. R-PE is a large molecule used for fluorescence-based detection, such as
flow cytometry, microarray assays, ELISAs, and other applications that require high

sensitivity but not pholostability.

008071 Fluorescent dyes can be detected in droplets in real time with high resolution, and
the availability of many fluorescent dyes with distinct excitation and emission wavelengths
allow monitoring many labels in one experiment. Sets of fluorescent dyes can be selected so
as to allow for g simultaneous detection of more than one dye in the same reaction. A set of
dyes that can be detected at the same lime can include, but are not limited to, Cy3, Cy5,
FAM, JOE, TAMRA, ROX, dR110, dREBG, dTAMRA, dROX, or any mixture thereof. Any of
those dyes can be used individually or in any combination to practice an embodiment herein.
A dye can allow for single molecule detection. A large number of fluorescent dyes have been

synthesized, and are commercially available in different formats.

100811 In some embodiments, the label is an affinity tag. Common choices for affinity tags
are known in the art, such as bictin, histidine, Giutathione S-transferase (GST), and maitose-
binding protein (MBP). Antibody and antigen can also be used as affinity tags. Inone
specific embodiment, the binding agent is labeled with an affinity tag, and this label is used

to coat the binding agent onto the solid substrate.

[0082] In some embodimenis, the label is an isotopic moiety. For example, the isotopic
moiety comprises 2P, ¥ P ¥ g 251 and the like. In some embodiments, the solid-phase
substrates are magnetically labsled. In some embodiments, the solid-phase substrates are

labeled with one or more small molecules.

{00831 In some embodiments, each solid phase substrate is detectably distinguishable from
other solid phase substrates within the composition. In some embodiments, the delectably

distinguishable solid phase substrates are distinguishable by labeling.
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{00847 Described herein, in one embodiment, is a method for detecting biomarkers of solid
organ graft rejection in a sample from a patient. In some embodiments, the method
comprises: (a) detecting in a sample obtained from the patient a first graft rejection
biomarker, wherein the first graft rejeciion biomarker is an antibody direcied against Tubulin,
and one or more additional graft rejection biomarkers, wherein the additional graft rejection
biomarker is an antibody that is directed against an antigen selecied from the group
consisting of LPHN1, SNRPN, KRT18, KRTS, LGALS3, SNRPB2, DEXI, Collagen i,
PLAZR1Y, GETT1, VCL, CSF2, LGALSS, STATS, GAPDH, iL-8, SHCS3, ENO1, AGRN,
EMCN, and 85B; (b) determining whether the amount of graft rejection biomarker is
significantly different from the amount in a conirol sample; and (¢} detecting biomarkers of
graft rejection when the determining in {(b) shows significant difference in the patient sample
relative o the conirol sample. in other embodiments, the first graft rejection biomarker is an
antibody directed against Tubulin, and the additional graft rejection biomarker is an antibody
directed against an antigen selected from the group consisting of LPHN1, SNRPN, KRT18,
KRTS8, LGALS3, SNRPB2, DEX, Coliagen lI, PLAZR1, G8TT1, VCL, CSF2, LGALSS,
STATS, GAPDH, -8, SHC3, ENO1, AGRN, EMCN, and SSB. In some embodiments, the
detecting further comprises detecling in the patient sample one or more additional graft
rejection biomarkers selected from the group consisting of antibodies directed against TG,
PECR, NPHS1, FN1, Myosin, VIM, ATPSB, LMNA, CXCL11, Actin, FLT3LG, PRKCH, and
i-21.

00851 Described herein, in another embodiment, is a method for detecting biomarkers of
solid organ graft rejection in a sample from a patient. In some embodiments, the method
comprises: (a) detecting in a sample obtained from the patient a first graft rejection
biomarker, wherein the first graft rejection biomarker is an antibody direcled against
dexamethasone-induced transcript (DEXD, and one or more additional graft rejection
biomarkers, wherein the additional grafi rejection biomarker is an antibody that is directed
against an antigen selected from the group consisting of C-X-C motif chemokine ligand 11
(CXKCL1T), cytokeratin 18 (KRT18), cytokeratin 8 (KRT8), TUBalb: tubulin alpha 1 b
(TUBA1B), and Tubulin; (b) determining whether the amount of graft rejection biomarker is
significantly different from the amount in a control sample; and {(¢) detecting biomarkers of
graft rejection when the determining in {(b) shows significant difference in the patient sample
relative to the contrel sample. In other embodiments, the first graft rejection biomarker is an
antibody directed against Tubulin, and the additional graft rejection biomarker is an antibody
directed against an antigen selecied from the group consisting of CXCL11, DEXI, KRT18,
and KRTS.
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{0088] In some embodiments, the detecling further comprises detecting in the patient
sample one or more additional graft rejection biomarkers selected from the group consisting
of antibodies directed against LPHN1, C8F2, STATS, LGALSS, SHC3, GAPDH, G8TT1, and
PLAZR1. In other embodiments, the detecting further comprises detecting in the patient
sample one or more additional graft rejection biomarkers selected from the group consisting
of antibodies directed against LPHN1, CSF2, STATE, LGALSSE, SHC3, GARDH, GETTH1,
PLAZR1, IL-8, LGALS3, SNPRN, Myosin, PECR, VIM, ATP5B, Collagen I, LMNA, and
SNRFB2.

{00871 In some embodiments, any one, two, three, four, five, six, seven, eighi, nine, fen, 11,
12,13, 14, 15, 16, 17, 18, or 19, of the non-HLA antigenic targets disclosed herein are
informative as independent markers of cardiac allograft rejection. In some embodiments, any
one, two, three, four, five, six, seven, eight, nine, ten, 11, 12, 13, 14, 15, 16, 17, 18, or 1@ of

the non-HLA antigenic targets disclosed herein predictive of cardiac allograft rejection.

[D088] In some embodiments, any one, two, three, four, five, six, seven, eight, ning, ten, 11,
or 12 of the non-HLA aniigenic targets disclosed herein are informative as independent
markers of renal allograft rejection. In some embodiments, any one, two, three, four, five, six,
saven, ight, nine, ten, 11, or 12 of the non-HLA antigenic targets disclosed herein predictive

of renal allograft rejection.

[0089] In one embodiment, the method is performed with 8 or fewer graft rejection markers.
Optionally, the detecting can be performed with up to 5, 10, 15, 20, 25, 30, or up to 35 graft
rejection markers. in some embodiments, the graft reiection markers are selecled
exclusively from the group consisting of antibodies directed against DEXI, CXCL11, KRT18,
KRT8, TUBA1B, Tubulin, LPHN1, CSF2, STATS, LGALSS, SHC3, GAPDH, GSTTH,
PLAZR1, IL-8, LGALSS3, SNPRN, Myosin, PECR, VIM, ATPSB, Collagen I, LMNA, SNRPE2,
VCL, TG, FN1, ENO1, AGRN, EMCN, S8B, Actin, FLT3LG, PRKCH, and 1L-21, as well as
combinations of two of more of these markers. In some embodiments, the graft rejection
markers are selecied exclusively from the group consisting of antibodies direcied against
DEXL CXCL11, KRT18, KRT8, TUBAMR, Tubulin, LPHN1, CSF2, 3TATS, LGALSS, SHCS,
GAPDH, GSTT1, PLAZR1, IL-8, LGALS3, SNPRN, Myosin, PECR, VIM, ATPSB, Collagen |,
LMNA, SNRPB2, as well as combinations of two of more of these markers. in other
embodiments, the grafi rejection markers further include one or more additional markers

beyond those listed here, such as further markers of interest to the user.

100807 Additionally provided is a method for assaying a combination of markers in a sample
of biclogical fluid oblained from a human subject, the method comprising performing an

immuncassay by contacting the sample with the solid support of g kit or composition as
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described herein. Examples of immunocassays include, but are not limited o, an enzyme-
finked immunosorbent assay (ELISA), and a bead-based, particle-based, or other muitiplex

assay.

[0091] In some embodiments, the sample is plasma or serum. In some embodiments, the
method further comprises contacting the sample with the conjugates of the kit, and assaying
the reaction of the conjugates with the sample. In some embodiments, the method further
comprises contacting the antigen standards with the solid support and the conjugates, and
assaying the relative levels of graft rejection biomarkers in the sample relative to the antigen

standards.

{00821 Further provided is a method of assaying graft rejection biomarkers in a sample of
sarum or plasma. In some embodiments, the method comprises: (a) providing a binding
agent that specifically binds to an antibody that is directed against DEXI and one or more
binding agents that specifically bind to an antibody that is directed against a single antigen
selected from the group consisting of CXCL11, KRT18, KRT8, TUBA1B, and Tubulin; (b}
providing a microtiter plate coated with the binding agents; (¢} adding the serum or plasma {o
the microtiter plate; (d) providing alkaline phosphatase-antibody conjugates reactive with
graft rejection biomarkers 1o the microtiter plate; (e) providing p-nitrophenyl-phosphate to the
microtiter plate; and () assaying the reaction which occurs as a result of steps (a) to (&)
relative to a standard curve io determine the levels of graft rejeciion biomarkers in the

sample.

{30831 In some embodiments, the detecting further comprises detecting in the patient
sample one or more additional graft rejection biomarkers selected from the group consisting
of antibodies directed against LPHN1, CSF2, STATS, LGALSS, SHC3, GAPDH, G8TTH,
PLAZR1, IL-8, LGALSS3, SNPRN, Myosin, PECR, VIM, ATPSB, Collagen I, LMNA, SNRPE2,
VCL, TG, FN1, ENO1, AGRN, EMCN, S8B, Actin, FLT3LG, PRKCH, and IL-21. In some
embodiments, the detecting further comprises detecting in the patient sample one or more
additional graft rejection biomarkers selected from the group consisting of antibodies
directed against LPHN1, CBF2, STATS, LGALSS, SHC3, GAPDH, GETT1, and PLAZR1. In
some embodiments, the detecting further comprises detecting in the patient sample one or
more additional graft rejection biomarkers selected from the group consisting of antibodies
directed against LPHN1, CSF2, STATS, LGCALSE, SHC3, GAPDH, GETT1, PLAZR1, IL-8,
LGALS3, SNPRN, Myosin, PECR, VIM, ATPSE, Coliagen I, LMNA, and SNRPB2.

[10084] Other groupings of graft rejection biomarkers can be identified by reference to the
Figures and Tables herein. For example, a selection of biomarkers for use together

comprises one or more members of those markers identified in Figure 5 or Figure 8 as
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“‘Group I, “Group II”, and/or “Group 1Il”, and/or identified in Table 4, and grouping one or
more members of g group together. In ancther example, a selection comprises one or more
representatives of differing groups of those identified in Figure 5 or Figure § and Table 4. A
representative grouping of biomarkers for use logether can comprise one or more members
of one of the columns presented in Table 3 and/or Table §, thereby tailoring the grouping to
detection of cardiac graft rejection, or adult renal graft rejection, or pediatric renal graft
rejection. In another example, a “core” biomarker {e.g., Tubulin} that is associated with
rejection across differing organ systems and populations is selecied and combined with one
or more biomarkers associated with each of the columns identified in Table 3 and/or Tabie 5.
Other bases for selecting biomarkers for use together include, but are not limited to, whether
the biomarkers are predictive in CART analysis (classification and regression tree analysis),
whether the biomarkers sort independently in analyses that indicale they are independent
predictors of rejection, whether the markers cluster together {or independenily, as in VCL) in
the correlation matrix (see Figures 2 and 3}, whether the biomarkers were significantly
associated with the time o first rejection (see Figure 1), whether the biomarkers are newly
described herein (Table 1 or Table 8) or had previously been associated with graft rejection.
Various other combinations of biomarker groupings are aiso contemplated. Some
representative examples include, but are not limiled 1o, a selected individual biomarker, such
as antibody directed against Tubulin or DEX! or EMCN or LGALS3 or SNFRN or LPHN1 or
S8B or TG or CXACL11 or KRT8 or KRT18 as suggested individual examples, in combination
with one, two, three, four, five, or more additional biomarkers; selected subsets of markers
grouped together herein {e.g., as grouped in Groups |, I, Ilf or IV, or in one of the Tables or
Figures herein}; selected combinations that include one or more representative markers

within such subsets,

[0085] In some embodiments, the steps recited above are performedfor 2, 3,4, 5,86, 7, 8, 9,
10, 12, 15, 20, 25, 30, or all 31 of the markers listed in Table 1. In one embodiment, the set
of markers consisis of 8 or fewer markers listed in Table 1. In another embodiment, the set
of markers consists of 6 or fewer markers listed in Table 1. In yet ancther embodiment, the
set of markers consists of 4 or fewer markers listed in Table 1. Representative groupings of
biomarkers of grafi rejection include, but are not limited o, antibodies direcied against DEXI,
KRTS, and KRT18; CXC11 and TubulinTUBA1B; DEXI, KRTE, KRT18, CXC11, and
Tubulin/TUBA1E,; DEXI, SNPRN, Smith Antigen, LGALS3, ANXAZR, do-1, CCP, and TG;
DEXI, LPHN1, CS8F2, LCALSS, STATS, and SHC3. Other groupings include Tubulin,
LPHNT, SNRPN, KRT18, KRTEg, DEX, and GAPDH, as well as varicus groupings identified

in Figures 5 and 6, and in the various exemplary embodiments listed herein.
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{00861 In one embodiment, the present invention describes a method for determining the
presence of ong or more of non-HLA antibodies disclosed herein in a biclogical sample
obtained from a subject, for example, a subject who has received an organ transplant or is
going o receive an organ fransplant. Using such methods provided herein, one could screen
or monitor antibodies to non-HLA antigens in cardiac and/or renal allograft patients, and thus

assess their risk of developing a rejection.

00871 The first step of methods generally involves contacting a biological sample obtained

from a subject with the composition disclosed herein.

0088] Contacting the biological sample with the composition is generally a matter of adding
the composition to the sampile, or vice versa, and incubating the mixture for a period of time
fong encugh for the composition to specifically bind to any target antibodies present in the

sample. Effective or optimal conditions can be determined using methods known in the arl.

{30881 Any convenient protocol for obtaining such biclogical sampies may be employed,
where suitable protocols are well known in the art. Whean obtaining a sample from a subject
{e.q., blood sampile), the amount can vary depending upon subject size and the condition
being screened. In some aspects, upioabout 1,2, 3,4, 5,6,7, 8, 8, 10, 20, 30, 40, or 50
ml. of a sample is obtained. In some aspects, about 1-50, 2-40, 3-30, or 4-20 mbL of sample
is chiained. In some aspects, more than about &, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
65, 70, 75, 80, 85, B0, 95 or 100 mlL of a sample is obtained. In some aspects, up io about 1,
2,3,4,5,6,7,8 9, 10, 20, 30, 40, or 50 ybL. of a sample is obtained. In some aspects, about
1-50, 2-40, 3-30, or 4-20 pl. of sample is obtained. In some aspects, more than about 5, 10,
15, 20, 25, 30, 35, 40, 45, 50, 55, 80, 65, 70, 75, 80, 85, 90, 95 or 100 pl of a sample is
obtained. In some aspects, less than about 1 pg, 5 pg, 10 pg. 20 pg, 30 pg, 40 pg, 50 pg,
100 pg, 200 pg, 500 pg, 1 ng, 5 ng, 10 ng, 20 ng, 30 ng, 40 ng, 50 ng, 100 ng, 200 ng, 500
ng, 1 ug, 5 ug, 10 ug, 20 ug, 30 ug, 40 ug, 50 ug, 100 ug, 200 ug, 500 ug, 1 mg, 5 mg, 10
mg, 50 mg, 100 mg, 200 mg, 500 mg, 1 gram, & grams, 10, grams, 20 grams, 50 grams, 100
grams or more of sample are obtained from the sample for analysis. in some aspecis, about
1-5 pg, 5-10 pg, 10-100 pg, 100 pg-1 ng, 1-5 ng, 5-10 ng, 10-100 ng, or 100 ng-1 g of
sample are obtained from the sample for analysis. In some aspects, about 1 mg of sample

are obtained from the sample for analysis.

{G100] A plurality of biclogical sampies may be collected at any one time. A biological
sample or samples may be taken from a subject at any time, including before

fransplantation, at the time of transplantation, or at any time following transplantation.

10101] Following contacting a biological sample with a compaosition described herein, a

signal is generated from the contacting step that can be detected using any suitable method
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known in the arl. Exemplary methods can include, but are not limited {o, visual detection,
fluorescence detection (e.g., fluorescence microscopy), scintilation counting, surface
plasmon resonance, ellipsometry, atomic force microscopy, surface acoustic wave device
detection, autoradiography, and chemiluminescence. As one of skill in the art will appreciate,

the choice of detection method will depend on the specific labeling agent employed.

101021 In some embodiments, the detecting is carried out by measuring a fluorescence
intensity. Such methods are generally known in the art. For example, the xMAP Technology
by Luminex {Luminex Corp., Austin, TX) allows one to perform up fo 500 immunoassays in
varying combinations in a single reaction in a standard 96-well microplate. In some
embodiments, the detecting is carried out by an immunological analysis. The Example
saction provides exemplary embodiments of the effective or optimal conditions for the

methods described herein.

{3103] In some embodiments, the detecling is carried out by labeled secondary anti-human
antibody. Labeled secondary anti-human antibodies are commonly used in the arf and
available from various vendors. In some embodiments, the secondary anti-human antibodies
are labeled by enzyme conjugates. Non-limiting examples include alkaline phosphatase (AP)
or horseradish peroxidase (HRP). In some embodiments, the secondary anti-human
antibodies are labeled by fluorescent conjugates. Non-limiting examples include fluorescein
(FITC), tetramethyirhedamine (TRITC), Alexa Fluor, phycoerythrin, etc. in some
embodiments, the secondary anti-human antibodies are {abeled by bictin. Specific
embodiments of labeled secondary anti-human antibody are provided in the Example

section,

{01041 In certain embodiments, the present invention provides methods for diagnosing
fransplant rejeciion responses in a subject that has undergone a heart or kidney fransplant.
In vet another embodiment, the present invention describes a method for predicting the
likelihood of a2 transplant rejection response in a subject in need of a heart or kidney

transplant.

[0108] In specific embodiments, the methods provided herein comprise measuring the
binding of the one or more homogenous populations of binding agents to the one or more
antibodies that may be present in the sample. In some embodiments, the methods comprise
measuiring the levels of the one of more antibodies in the sample. In some embodiments,
increased levels of the one or more antibodies, compared to reference levels, indicates that
the subjeci has a likelihood of developing a transplant rejection response after a heart or

kidney transplant.
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{01061 In some embodiments, whether the subject will have a rejection (2.g., an acule
rejection) response is determined based upon the presence of one or more of the
biomarkers disclosed herein. In some embodiments, the presence of one or more of the
biomarkers comprise any one, two, three, four, five, six, seven, eighi, nine, ten, 11, 12, 13,
14, 15, 18, 17, or 18 of the non-HLA antibodies disclosed hersin at levels above reference

levels are informative as independent markers of allograft rejection.

[0107] The accuracy of the methods of diagnosis and/or prognesis can be measured by the
degree of closenass of a measured or calculated value o its actual value. For instance, the
accuracy of the methods provided herein can be measured by the proportion of correcily
predicted rejection or non-rejection. In some embodimants of the present invention, the
accuracy of the methods described hersin is the number of subjects without rejection that
are predicted by the methods described herein to not have rejection divided by the total
number of subjects who actually do not have rejection. In other embodiments, the accuracy
of the methods described herein is the number of subjects predicied by the methods
described herein to have rejection divided by the total number of subjects who actually have
rejection. In some embodiments, the methods described herein comprises assessing (2.9.,
predicting, diagnosing, identifying, etc.) a rejection response with an accuracy of about 80-
100%. In some embodimenis, the accuracy is about 80%, 61%, 62%, 63%, 64%, 65%, 66%,
B7%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 81%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100%, but no more than 100%. In some embodiments, the accuracy is about 60-
85%, 65-70%, 70-75%, 75-80%, B0-85%, 85-80%, 90-95%, or 85-100%, but no more than

100%. In some embodiments, the accuracy is about 90%. In some embodiments, the

accuracy is about 87%. In some embodiments, the accuracy is about 86%. In some
embodiments, the accuracy is about 80%. In some embodiments, the accuracy is about

70%. in some embodiments, the accuracy is about 80%.

{0108] The specificity of the methods of diagnosis and/or prognosis can be a measure of the
proportion of subjects that are actually negative for a condition which are correctly identified
as being negative for the condifion by the model. The specificity of a model can be equal to
the number of true negqatives divided by the sum of the number of irue negatives and false
positives. In other words, the specificity of a model can be the probability of a negative test
result given that the subject is actually negative for the condition. In some embodiments, the
specificity of the methods described herein is the number of subjects without rejection that
are predicied by the methods described hersin to not have rgjection divided by the total
number of subjects predicied to not have rejection using the methods described herein. in

some embodiments, the comparing step of the methods described herein comprises
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assessing (8.g., predicting, diagnosing, identifying, eic.) a rejection response with a
specificity of about 80-100%. In some embodiments, the specificity is about 80%, 61%, 62%,
B83%, 64%, 65%, 686%, B87%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 868%, 87%, 88%, B%%, 20%, 91%, 92%, 93%, 94%,
G5%, 86%, 97%, 98%, 88%, or 100%, but no more than 100%. In some embodiments, the
specificity is about 80-85%, 65-70%, 70-75%, 75-80%, 80-85%, 85-90%, 80-95%, or 95-
100%, but no more than 100%. In some embodiments, the specificity is about 80%. In some
embodiments, the specificity is about 80%. In some embodiments, the specificity is about
70%. in some embodiments, the specificity is aboul 66.67%. In some embodiments, the

specificity is about 80%.

{3108] The sensitivity of the methods of diagnosis and/or prognosis can be a measure of the
proportion of subjects that are actually positive for a condition which are correctly identified
as being positive for the condition by the model. The sensitivity of a model can be equal to
the number of true positives divided by the sum of the number of true positives and false
negatives. In other words, the sensitivity of a model can be the probability of a positive test
result given that the subject is actually positive for the condition. In some embodiments, the
sensitivity of the methods herein is the number of subjects with rejection that are predicted
by ithe methods described herein o have rejection divided by the totai number of subjecis
predicted to have rejection using the methods described herein. In some embodiments, the
comparing step of the methods described herein comprises assessing (e.g., predicling,
diagnosing, identifying, elc.) a rejection response with a sensitivity of about 70-100%. In
some embodiments, the sensitivity is about 70%, 71%, 72%, 72%, 74%, 75%, 76%, 77%,
78%, 79%, 80%, 81%, 82%, 83%, 84%, B85%, 88%, 87%, B8%, 89%, 80%, 91%, 92%, 93%,
94%, 95%, 98%, 97%, 98%, 99%, or 100%, but no more than 100%. in some embodiments,
the sensitivity is about 70-75%, 75-80%, 80-85%, 85-80%, 90-85%, or 95-100%, but no
more than 100%. in some embodiments, the sensitivily is about 70%. In some embodiments,

the sensitivity is about 92%. In some embodiments, the sensifivity is about 88%.

{0110] The present invention further encompasses methods of treating a subject in nesd of
treatment for a transplant rejection response after receiving a heart or kidney transplant. In
some embodiment, the number of the non-HLA antibodies disclosed herein with altered level
in a sampie obtained from a subject, e.g., increased or present compared to reference
lavels, can inform the mathod of reatment. In some embodiments, the detection of
increased level of one or more of the non-HLA antibodies described herein compared to

reference levels indicates that the subject neads treaiment.

{01111 In certain embodiments, if one or more of the non-HLA antibody disclosed herein is

detected in a biological sampie, standard treatment methods for removal of the antibody may
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be employed. For example, the attending clinician administer, perform or request
plasmapherasis ¢ be conducted on the subject. Flasmapheresis is a well-known procedure
that can selectively remove harmful antibodies from a subject’s circulation. In certain
embodiments, the method comprises contacting a biological sample obtained from the
subject with the compaosition disclosed herein, measuring levels of the one or more
antibodies in the sample, and administering a treatment for transplant rejection to the subject
when there are increased levels of the one or more antibodies disclosed herein, compared to

reference levels of the one or mors antibodiss.

{01121 In certain embodiments, the treatment protocols for AMR use permutations of a
multiple-prong approach that include, but are not limited to: (1) the suppression of the T-cell
dependent antibody response, (2) the removal of reactive antibedy, (3) the blockade of the
residual alloantibody, and (4) the depletion of naive and memory B-cells. In certain
embodiments, the treatment regimen is application of plasmapheresis. In certain
embodiments, the reaiment regimen is administration of rituximab. In certain embodiments,
the treatment regimen includes administration of at least one proteasome inhibitor-based
therapy, such as but not limited o boriezomib. In certain embodiments, the treatment
regimen is administration of mycophenolate mofetil. Additional treatment methods are known
inthe ari, e.g., see Levine MH, ef a/., Treatment options and stralegies for antibody
mediated rejection after renal transplantation. Semin Immunol. 2012 Apr;24(2):138-42, which

is incorporated by reference.

{3113] In certain embodiments, the therapeutic agents are selected from tacrolimus,
mycophenolaie mofelll, and Everolimus, with or without corticosteroids. In certain
embodiments, the therapeutic agents are tacrolimus, mycophenolate mofetil, and
corticosteroids. In certain embodiments, the therapeutic agents are tacrolimus, Everolimus,

and corticosteroids.

{0114} In certain embodiments, the treatment further includes a stercid. In some
embodiments, the steroids include, but are not limited to, corticostercids (e.q.,
glucocorticoids and mineralocorticoid). In some embodiments, the corticosiercid is selecied
from prednisone (Deltasone, Orasone), budesonide (Entocort EC), and prednisoione
(Millipred). In some embodiments, stercids are used 10 decrease inflammation and reduce
the activity of the immune system. In certain embodiments, the treatment does not include a

steroid.

[0115] In certain embodiments, the method comprises administering a therapeutically
effective amount of one or more of therapeutic agents 1o the subject. In some embodiments,

the therapeutic agent is a Janus kinase inhibitors (e.g., tofacitinib (Xeljanz)). in some
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embodiments, the therapeutic agent is a Caicineurin inhibitor {e.g., cyclosporine (Neoral,
Sandimmune, SangCya), or tacrolimus (Astagraf XL, Envarsus XR, Prograh). In some
embodiments, the therapeutic agent is an mTOR inhibitor (&.g., sirolimus (Rapamune), or
everolimus (Afinitor, Zortress)). In some embodiments, the therapeutic agent is an [MDH
inhibitor {e.g., azathioprine (Azasan, Imuran), leflunomide (Arava), or mycophenolate
{CellCept, Myfortic)). In some embodiments, the therapeutic agent is a biclogics (e.g.,
abatacept (Orencia), adalimumab (Humira), anakinra (Kineret), certolizumab (Cimzia),
etanercept (Enbrel), golimumab (Simponi), infliximab (Remicade), ixekizumab (Taltz),
natalizumab (Tysabri), rituximab (Rifuxan), secukinumab (Cosentyx}, tocilizumab (Actemra),
ustekinumab (Stelara), vedolizumab (Entyvio)) or belatacept (Nulejix). in some
embodiments, the therapeutic agent is a monoclonal antibody (e.g., basilixdimab (Simulect) or
daclizumab (Zinbryia)). In certain embodimenis, the treatment includes one or more

therapeutic agents selected from the above.

[0116] In certain embodiments, the treatment further includes a steroid. In some
embodiments, the steroids include, without being limited to, corticosteroids {e.g.,
glucocorticoids and mineralocoriicoid). In some embodiments, the corticosteroid is selected
from prednisone (Deltasone, Orasone), budesonide (Entocort EC), and prednisclone
{Millipred). In some embodiments, steroids are used o decrease inflammation and reduce
the activity of the immune system. In certain embodiments, the treatment does not include a

steroid.

{01171 In cerfain embodiments, the therapeutic agents are selected from tacrolimus,
mycophenolaie mofelll, and Everolimus, with or without corticosteroids. In certain
embodiments, the therapeutic agents are tacrolimus, mycophenolate mofetil, and
corticosteroids. In certain embodiments, the therapeutic agents are tacrolimus, Everolimus,

and corticosteroids.

{0118} In another embodiment, the present invention provides a kit. Such akitis a
packaged combination including the basic elements of: (a) a composition comprising a
collection of solid-phase substrales coated with one or more homogenous populations of
binding agents, wherein each homogenous population of binding agents specifically binds to
an antibody that is directed against a single antigen selected from the group consisting of
(DEXD), C-X-C motif chemokine ligand 11 (CXCL11), cytokeratin 18 (KRT18), cytokeratin 8
(KRT8), Tubulin, including tubulin alpha 1 b (also referred to as TUBa1bh or TUBA1B),
latrophilin 1 (LPHNT), Colony stimulating factor 2 (C3F2), Signal Transducer And Activator
Of Transcription 8 (STATS), lectin galactoside-binding scluble 3 (LGALS3), SHC Adaptor
Protein 3 (SHC3), Glyceraldehyde-3-phosphale dehydrogenase (GAFPDH), Glutathione S-
Transferase theta-1 (GSTT1), phospholipase A2 receptor 1 (PLAZR 1), Interleukin 8 (1L-8),
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fectin galactoside-binding soluble 8 (LGALSS), Small Nuclear Ribonucleoprotein Polypeptide
N (SNFRN), Myosin, Peroxisomal trans-2-enoyl-CoA Reductase (PECR), vimentin (VIM},
ATP synthase H+ transporting mitochondrial F1 complex beta polypeptide (ATPSB),
Collagen i, Prelamin-A/C (LMNA), small nuclear ribonucieoprotein polypeptide B (SNRPB2),
fibronectin 1 {FN1} and Vinculin (VCL) and (b) reagents for detecting the binding of the one

or more homogenous populations of binding agents o the antibodies.

{0119] In another embodiments, each homogenous population of binding agents specifically
binds {0 an antibody that is directed against a single antigen selected from the group
consisting of Tubulin, LPHN1, SNRPN, KRT18, KRT8, LGALSS3, SNRFB2, DEXI, Collagen
H, PLAZR1, GSTT1, VCL, CSF2, LGALSSE, STATS, GAPDH, IL-8, SHC3, ENG1, AGRN,
EMCN, SSEB, TG, PECR, NPHS1, FN1, Myosin, VIM, ATPSB, LMNA, CXCL11, Actin,
FLT3LG, PRKCH, and IL-21. In certain embodiments, the Kits also include instructions for

use thereof.

101201 In a further embodiment, the kit can comprise one or more reference samples.
Reference samples can be any biological samples as used herein. in another embodiment,
the kit can comprise one or more reference levels of the non-HLA antibodies disclosed

herein.

10121] All patents and publications mentioned in this specification are indicative of the level
of those skilled in the art to which the invention pertains. All patents and publications cited
herein are incorporated by reference o the same extent as if each individual publication was
specifically and individually indicated as having been incorporated by reference in its

entirety.

{0122] Exemplary Emboediments

{3123] The following are examples of embodiments described herein:

{01241 Embodiment 1. A composition comprising a coliection of solid-phase substrates
coated with one or more homogenous populations of binding agents, wherein each
homogenous population of binding agents specifically binds to an antibody that is direcied
against a single antigen selected from the group consisting of. dexamethasone-induced
transcript (DEXI), C-X-C motif chemokine ligand 11 (CXCL11), cylokeratin 18 (KRT18),
cytokeratin 8 (KRT8), Tubulin, including tubulin alpha 1 b (also referred to as TUBa1b or
TUBAR), latrophilin 1 (LPHN1), Colony stimulating factor 2 (C8F2), Signal Transducer And
Activator Of Transcription 6 (STATS), lectin galactoside-binding soluble 3 (LGALS3), SHC
Adaptor Protein 3 (SHC3), Glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
Glutathione S-Transferase theta-1 (GSTT1), phospholipase A2 receptor 1 (PLAZR1),
interleukin 8 (iL-8), lectin galactoside-binding soluble 8 (LGALSS), Small Nuclear
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Ribonucleoprotein Polypeptide N (SNPRN), Myosin, Peroxisomal trans-2-enoyl-CoA
Reductase (PECR), vimentin (VIM), ATP synthase H+ transporting mitochondrial F1
complex beta polypeptide (ATPER), Collagen I, Prelamin-A/C (LMNA), small nuclear
ribonucieoprotein polypeptide B {(SNRPB2), fibronectin 1 (FN1), nephrosis 1, congenital,
Finnish type (NPHS1), Thyrogicbulin (TG), and Vinculin (VCL).

10125] Embodiment 2. The composition of embodiment 1, wherein the collection of solid-
phase substrates further comprises one or more additional homoegenous populations of
binding agents, wherein sach additional homogenous population of binding agents
specifically binds to an antibody that is directed against a single additional antigen selected
from the group consisting of: Alpha-enolase (ENO1), Agrin (AGRN), Endomucin (EMCN),
Sjegren syndrome antigen B (88B), Actin, fms-related tyrosine kinase 3 ligand (FLT3LG),
Protein kinase C eta (PRKCH), and Interleukin 21 (1L-21).

{3126] Embodiment 3: The composition of embodiment 1 or 2, wherein the solid-phase

subsirates is porous or NON-pPorous.

{01271 Embodiment 4. The composition of embodiment 2 or 3, wherein the solid-phase

substrates comprise particles, nanopariicles, beads, nancbeads or microspheres.
[0128] Embodiment 5. The composition of 4, wherein the beads are polystyrene beads.

[0128] Embodiment 8. The composition of any one of the preceding embodiments, wherein

the collection of solid-phase subsirates comprises a microarray.

101301 Embodiment 7. The composition of any one of the preceding embodiments, wherain

the solid-phase substrates are flucrescently labeled, magnetically labeled, or radio labeled.

10131] Embodiment 8. The composition of any cne of the preceding embodiments, wherein

the solid-phase subsirates are labeled with a small molecule.

[0132] Embodiment 9: The composition of any one of the preceding embodiments, wherein
the one or more homogenous populations of binding agents are conjugated {o the surface of

the solid-phase substrates.

{01331 Embodiment 10: The composition of embodiment 9, wherein the conjugation is

covalent.

{3134] Embodiment 11: The composition of any one of the preceding embodiments, wherein
the one or more homogenous populations of binding agents are attached to the surface of

the solid-phase substrales by affinily.

[0135] Embodiment 12: The composition of any one of the preceding embodiments, wherein

the binding agent is a polypeptide.
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{01368] Embodiment 13: The composition of any one of the preceding embodiments, wherein
the solid-phase substrates are coated with at least three different homogenous populations

of binding agents that bind to at least three different antigens.

{01371 Embodiment 14: The composition of embodiment 13, wherein the substrates are
coated with multiple different homogenous populations of binding agents that bind to the
antibodies consisting of antibodies to Tubuilin, LPHN1, SNRPN, KRT18, KRT8, LGALSS,
SNRFB2, DEXI, Coliagen I, PLAZR1, GSTTH, VCL, C8F2, LGALSSE, and STATE.

{0138] Embodiment 15: The composition of embodiment 13, wherein the substrates are
coated with multiple different homogenous populations of binding agents that bind to the
antibodies consisting of antibodies to Tubulin, LPHN1, TG, GAPDH, FN1, NPHS1, VIM,
Myosin, VCL and PECR.

{0139] Embodiment 16: The composition of embodiment 15, wherein the substrates are
further coated with multiple different homogenous populations of binding agents that bind to
the antibodies consisting of antibodies to ENO1, AGRN, EMCN, 88B, Actin, FLT3LG,
PRKCH, and 1L.-21.

[{0140] Embodiment 17: The composition of embodiment 13, wherein the substrates are
coated with multiple different homogenous populations of binding agents that bind to the
antibodies consisting of antibodies to DEXI, LGALSS, BNPRN, CSF2, -8, STATS, LGALSS,
KRT18, KRT8, GSTT1, LMNA, Collagen i, ATPSB, SNRPB2 and PLAZR1.

[0141] Embodiment 18: The composition of embodiment 13, wherein the substrates are
coated with multiple different homogenous populations of binding agents that bind {o the
antibodies consisting of antibodies to Tubulin, SHC3 and CXCL11.

{0142] Embodiment 19: The composition of embodiment 13, wherein the substrales are
coated with mulliple different homogenous populations of binding agents that bind to the
antibodies consisting of antibodies to DEXI, EMCN, SNRPN, LPHN1 and S38.

{3143] Embodiment 20: The composition of embodiment 13, wherein the subsirates are
coated with multiple different homogenous populations of binding agents that bind to the
antibodies consisting of antibodies to KRT18, GARPDH, AGRN, ENC1 and EMCN.

[0144] Embodiment 21: The composition of embodiment 13, wherein the substrates are
coated with multiple different homogenous populations of binding agents that bind to the
antibodies consisting of antibodies to Tubulin, LPHN1, SNRPN, KRT18, KRT8, LGALSS,
SNRPB2Z, DEXI, Collagen I, GAPDH, ENO1, AGRN, EMCN, 85B, PLA2ZR1, GSTT1, VCL,
CSF2, LGALSS, STATS, IL-8, and SHC3.
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{0145] Embodiment 22: The composition of embodiment 1, wherein the single antigen is
selected from the group consisting of LPHN1, TG, DEXI, CSF2, IL-8, LGALSS3, SNPRN,
STATE, SHC3, and LGALSS.

{01481 Embodiment 23: The composition of embodiment 2, wherein the single additional

antigen is selected from the group consisiing of EMCN and 38R,

01471 Embodiment 24: The composition of any of the preceding embodiments, wherein at
least one solid-phase substrate is detectably distinguishable from at least one other solid-

phase substrate.

0148] Embodiment 25: A method for determining the presence of one or more antibodies in
a biological sample obtained from a subject, the method comprising: contacting the
biclogical sample with the composition of any of embodiments 1-24, and detecting the
binding of the one or more homogenous populations of binding agents to the one or more

antibodies.
{0148] Embodiment 26: The method of embodiment 25, wherein the subject is a mammal.
{31501 Embodiment 27: The method of embodiment 28, wherein the subject is a human.

{3151] Embodiment 28: The method of any of embodiments 25-27, wherein the subject has

received or will receive a heart or kidney transplant.

{0152 Embodiment 29: The method of embodiment 28, wherein the heart transplant is an

allograft heart or kidney transplant.

01531 Embodiment 30: The method of any of embodiments 25-29, wherein the biological
sample is blood, plasma, serum, urine, spinal fluid, lvmph fuid, synovial fluid, cerebrospinal
fluid, tears, saliva, milk, mucosal secretion, effusion, sweat, biopsy aspirates, ascites or

fluidic extracts.

{0154] Embodiment 31: The method of any of embodiments 25-30, wherein the detecting is

by measuring a fluorescence intensity or by an immunological analysis.

[0155] Embodiment 32: A method for diagnosing a fransplant rejeclion response in a subject
that has undergone a heart or Kidney transplant, the method comprising: contacting a
biclogical sample obtained from the subject with the composition of any of embodiments 1-
24, and measuring the levels of he one of more antibodies in the sample; wherein increased
levels of the one or more antibodies, compared 1o reference levels, indicates that the subject

has developed a transplani rejection response in response o the heart or kidney transplant.

[0156] Embodiment 33: A method for predicting the likelihood of a transplant rejection

response in a subject in need of a heart or kidney transplant, the method comprising:
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contacting a biological sample from the subject with the compaosition of any of embodiments
1-24, and measuring the levels of the one or more antibodies in the sample; wherein

increased levels of the one or more antibodies, compared to reference levels, indicates that
the subject has an increased likelihood of developing a transplant rejection response afler a

heart or kidney fransplant.

{01571 Embodiment 34: A method of treating a subject in need of treatment for a fransplant
rejection response after recelving a heart or kidney transplant, the method comprising:
comtacting a biological sample obtained from the subject with the composition of any of
embodiments 1-24, measuring levels of the one or more antibodies in the sample, and
administering a treatment for transplant rejection to the subject when there are increased
levels of the one or more antibodies, compared 1o reference levels of the one or more

arttibodies.

{0158] Embodiment 35: A kit comprising: the composition of any of embodiments 1-24, and
reagents for detecting the binding of the one or more homogenous populations of binding

agents to the aniibodies.

01581 Embodiment 36: The kit of embodiment 35, further comprising one or more reference

samples.

EXAMPLES

{3180] The following examples are provided for illustrative purposes. These are intended to
show certain aspects and embodiments of the present invention but are not intended {o Emit

the invention in any manner.

{01811 Example 1. Non-HLA Antibodies Associated with Cardiac and Renal Allograft
Rejection

{01621 There is a growing body of evidence that the development of post-transplant
antibodies against non-HLA antigens is associated with rejection and decreased long-term
graft survival. This Example describes the use of sera from renal and heart fransplant
recipients obtained before and after transplantation to create a panel of non-HLA antigenic
targets that can be used to identify transplani recipients with circulating non-HLA antibodies

that may portend risk of graft injury and loss.

{3183] Non-HLA antibodies reactive with endothelial cells were identified by testing sera
from cardiac and renal transplant recipients diagnosed with acute rejection in the absence of
detectable circulating donor-specific HLA antibodies, for binding in a flow crossmatch to

human primary arterial endothelial cells (Zhang and Reed, Transplantation 2005). Sera
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positive in the endothelial cell crossmatch were tested neat and/or following absorption and
glution from aortic endothelial cells on protoarrays containing >8000 full-length human
protein antigens. Non-HLA antibody targets associated with EC plasma membrane and
autoantigens were classified using a bicinformatics and gene oniological approach. These
studies resulied in the identification of 31 non-HLA antigenic targets (Table 1). These and
other non-HLA antigens were conjugated to polystyrens beads to develop a multiplex bead
array for further high throughput testing on cardiac, and pediatric and adult renal transplant

recipients {Table 1).

{0184] Table 1. Non-HLA Antibodies Associated with Cardiac and Renal Allograft Rejection

# | Markerill Antigen Gene Name

1 Cardiac 1 DEX dexamethasone-induced transcript

2 | Cardiac2 EMON Endomucin

3 {Cardiac3 SNRPN Small Nuclear Ribonucleoprotein Polypeptide N (smith
antigen core seguence)

4 | Cardiac 4 NTRK1 MNeurotrophic Tyrosine Kinase, Receptor, Type 1

5 | Cardiach ROR1 Receptor Tyrosine Kinase-Like Orphan Receptor 1

& | Cardiact LGALS3 tectin, galactoside-binding, soluble, 3

7 | Cardiac 7 ANXAZR annexin A2 receptor

8 | Cardiacs YD iodotyrosine deiodinase

9 |Cardiac9 EMCN Endomucin

10 | Cardiac 10 | FGFR1 fibroblast growth factor receptor 1

11 | Cardiac 11 | HARS Jo-1

12 | Cardiac 12 | SPN Sialophorin, CD43

13 | Cardiac 13 | 3SB Sjegren syndrome antigen B (autoantigen La)

14 § Cardiac 14 | -8 interleukin 8, CXCLE

15 | Cardiac 15 | CCP cyclic citruliinated pepiide

16 | Cardiac 16 | VEGFA vascuiar endothelial growth factor A

17 | Cardiac 17 | DOAT01:02 | HLA-DGA1

18 | Cardiac 18 | LPHN1 fatrophilin 1

19 | Cardiac 19 | TG Thyroglobulin

20 { Renal 1 FGF2 fibroblast growth factor receptor 2

21 { Renal 2 CsF2 Colony stimulating factor 2

22 | Renai 3 NGF Nerve growth facior

23 | Renal4 LGALSS lectin, galactoside-binding, soluble, 8

24 1 Renal b LGALSY lectin, galactoside-binding, scluble, 1

25 | Renal 6 MAPK1 Mitogen-Activated Protein Kinase 1

28 1 Renal7 SDF1B C-X-C Motif Chemokine Ligand 12

27 i Renai 8 VWE Von Willebrand Factor

28 | Renal 9 STATE Signal Transducer And Activator Of Transcription 8

29 | Renal 10 SHC3 SHC Adaptor Protein 3
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3C | Renal 11 GNG5E G Protein Subunit Gamma 5

31 | Renal12 18R interieukin 18 Receplor 1

{01685] Cardiac transplani rejection discovery cohort. The cardiac transplant discovery cohort
was identified from 12 cardiac aliograft recipients transplanted at UCLA between 2001-2005
who tested positive for endothelial cell (EC) antibodies by EC flow crossmatch (ECXM) and
were negative for HLA DSA and MICA antibodies (Zhang Transplantation 2005). Six ECXM-
, HLA DSA- patients without rejection were included as controls. Patients were typed for HLA
by LABType S50 DNA typing (One Lambda, Cancga Park, CA} according to the
manufacturers’ specifications. MICA antibodies and HLA class | and class |l antibodies were
identified using a Single Antigen Luminex assay (One Lambda, Canoga Park, CA}). Acute
celiuiar rejection (ACR) and AMR were diagnosed by endomyocardial biopsy (EMB)
according to the International Society for Heart and Lung Transplantation (ISHLT) criteria
and as reported previously (Zhang Transplantation 2005, Stewart J Heart and Lung
Transplant, 005). The mean time for collection of sera samples from day of transplant was

67 days and from day of the rejection+ biopsy was 14 days.

01681 Renal transplant rejection discovery cohort. The renal transplant discovery cohort
(n=16) was identified from renal allograft recipients transplanted at UCLA between 2010-
2015 who were diagnosad with rejection, and tested positive for endothelial cell antibodies
by ECXM (Zhang Transplantation 2005). Pre-transplant serum from 3 of the 18 patients
served as a negative control. The patient’s sera were tested both neat and following
adsorption and elution from endothelial cells. The mean time for colleciion of sera samples

from day of transplant was 21 days and from day of rejection+ biopsy was 23 days.

{31877 Single center cardiac transplant validation cohort. The single center cohort consisted
of 63 heart fransplant recipients transplanted at UCLA between 2009-2016. Sera were
collected at the time of EMB. Rejection (n=42, ACR >1R} was scored according to the ISHLT
revision of the 1880 working formulation for heart transplant rejection. The median and
interguartile range in days from sera collection to EMB for both rejection and no rejection
samples was C (p<0.26). Fost-fransplant, patients were maintained on triple-drug

immunosuppression (lacrolimus, mycophenolate mofetil, and corlicosteroids).

[0168] Pediatric renal transplant validation cohort. Eighty-three pediatric kidney fransplant
patients transplanted at UCLA were enrolled in this study from August 2005 to November
2014, Twenty-one palients were excluded from this analysis due to >1 study sample was
missing at the listed time points. The remaining 82 patients were included in this
refrospective study. This study was approved by the UCLA Institutional Review Board (#11-

002375) and conforms with the 1854 Declaration of Helsinki and its later amendments or
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comparable ethical standards and the principles of the Declaration of Istanbul. Informad
consent from legal guardians was obtained for all patients. Immunosuppressive regimens
included induction with either ATG for a PRA 230%, delaved graft function, or rapid steroid
withdrawal protocol or anti-CD25 monocional antibody for those with a PRA <30%.
Maintenance immunosuppression consisted of stercid-free or stercid-based
imrmunosuppression, a calcineurin inhibitor, and an anti-metabolite. Acute rejection and
chronic rejection were treated with previously described protocols (Pearl, Pediatr Nephrol,
20186). Patients underwent protocol biopsies at 8, 12, and 24 months post-transplantation or
for clinical indication. Biopsy samples were evaluated based on the 2013 Banff Criteria
(Haas, Am J Transplant, 2014}, Blood samples were oblained pre-transplantation and at 6,

12, and 24 months post-transplantation and during episodes of kidney transplant rejection.

{3169] Adult renal transplant validation cohort. The cohort consisted of 163 renal transplant
recipients fransplanted at UCLA between 2006-2012. Biopsy samples were evaluated based
on the 2013 Banff Criteria (Haas, Am J Transplant, 2014). Sera were collected at the time of
biopsy (+/- 6 waeks). Post-transplant, patients were maimntainad on triple-drug
immunosuppression (tacrolimus, mycophenolate mofetil, and corlicostercids). induction was
primarily solumedrol and basiliximab or anti-thymocyte globulin, IVIG is used to augment
immunosuppression at the time of fransplant for patients with DSA that is identified within
one year of transplant (current). For patients with historic DSA, the use of IVIG at the time of
transplant is at the discretion of the attending nephrologist. This study was approved by the
UCLA Institutional Review Board (#16-000786).

{0170 HLA typing and HLA DSA testing. All patients were typed for HLA by LABType SS0O
DNA typing (One Lambda, Canoga Park, CA) according o the manufaciurers’ specifications.
MICA antibodies and HLA class | and class Il antibodies were ideniified using a Single

Antigen Luminex assay {One Lambda, Canoga Park, CA).

{0171] Renal Transplant Rejection. ACR and AMR were diagnosed by renal biopsy
according o the Banff criteria (Haas M et al, AJT 2014).

[0172] Protoarray Assay for discovery of non-HLA antigens. Serum antibodies were profiled
with a human protein microarray as previously described. Briefly, the InVitrogen Human
ProtoArray v5.0 containing over 9,000 proteins from a baculovirus-based expression system
was blocked with blocking buffer for 1 h and then incubated with & yl. of serum diluted in
PBST buffer at 1:150 dilution for 90 min. The slides were washed with 5 mL of fresh PBST
buffer, 4 times for 10 min each, and probed with goat anti-human Alexa fluor 847 igG
secondary antibody (Molecular Probes, Eugene, OR) for 80 min. After a second wash with

FBST buffer, the slides were dried and scanned using a GenePix 4100A flucrescence
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microarray scanner and GenePix Pro 6.0 software (Molecular devices, Sunnyvale, CA).
Protein arrays included 12 rejection+ ECXM+ sera, and 6 rejection- ECXM- sera to serve as
technical controls. Array normalization and analysis was performed using Prospector 2.0
software {Life Technologies, Grand island, NY) as previously described. Gene ontological
analysis of the 3686 antigens was assessed by DAVID gene ontology analysis sofiware
{available on the world wide web al david nciferf gov) to identify enriched biclogical themes

as previously described.

[0173] Development of the Multipiex Non-HLA Antigen Panel for detection of non-HLA
antibodies. The non-HLA antigen targets newly described herein were discovered using the
selected discovery cohorts described above and in Table 1. Gene ontological analyses and
tissue expression data were used to select the most biclogically relevant non-HLA targets io
be included in the non-HLA panel. Non-HLA multiplex bead panel of single aniigen beads
were manufactured by, and reagents for use o screen sera from selected cohoris of cardiac,
adult renal and pediatric renal transplant recipients were provided by, Iimmucor, inc.
(Peachiree Corners, GA). Briefly, 40 yl. of antigen-coated beads were incubated with 10 ul
of patient’s serum for 30 min. Unbound serum was removed by washing, and the beads
were stained with 50 ul of conjugate containing phycoerythrin (PE) conjugated goat anti-
human igG diluted 1:10 in wash buffer and incubated in the dark on a shaking platform for
30 min. Resuits were examined by reading the median fluorescence intensity (MFI) of 1gG
binding on the Luminex 100 analyzer {(Luminex, Austin, TX). To determine a positive
threshold for the non-HLA antibody luminex assay, non-HLA antibodies were assessed in
sera isolated from 44 healthy individuais. The median MFI of antibody reaciivity {o the 18
antigens significantly associated with cardiac allograft rejection was 510 MF! (range: 67-
8387 MFI, 5D=900). A positive threshoid of MFI >1000 was chosen as per our prior

experience with luminex-based solid phase antibody detection methods.

[0174] Statistics. The odds ratio associating non-HLA antibodies with allograft rejection
were determined o be significantly greater than 1 by 2-sided Fisher's exact test (p<0.1;
StataCorp. 2018, Stata Statistical Software: Release 14, College Station, TX StataCorp LP).
The p<0.1 threshold for significance was set following standard practice for discovery
analysis (Fan, L. et al. Am J Transplant 2011) and default alpha-value (p value) of 0.1 in
STATA 1o prevent exclusion of antibodies that may interact with each other. Confidence
intervals (95%) were constructed assuming the estimates of standard error are

asymptotically independent and normal.

10178] In the cluster analysis, ordering of the non-HLA markers, circle size and illustration of

the inner boxes identifying clusters is according o the numeric value of the pairwise
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correlation coefficient. The analysis was performed using hierarchal clustering with compiete

finkage and Euclidean distance in the R Corrplot application (Simko, T. w. a. V. 2017).

{3176] The rpart function in the R library (the R software package version 3.4.0 (available on
the world wide web at www . r-project.org/)) was applied to conduct the classification and
regression tree (CART) analysis. In order to avoid over-filting and to select a parsimonicus
set of predictor variables, the maxdepth (the maximum depth of any node of the final tree,
with the root node counted as depth ) was set {o 3, and the minsplit (the minimum number
of observations that must exist in a node, in order for a split to be attempted) was setto 5.

All other computer sofiware paramelers were set to their defaull values.

{01777 Cardiac transplant non-HLA panel development: We hypothesized that antibodies
targeting non-HLA antigens expressed by the allograft endothelium would be identified
through protein microarray analysis using sera from cardiac allografi recipients with biopsy
proven rejection. Sera from twelve cardiac transplant recipients without HLA or MICA DSA,
but with biopsy proven rejection and with positive reactivity in the ECXM (median of 117
MCS; range: 62-529 MCS) were assembled as a discovery cohort. The discovery sera
samples were collected an average 14 days from the EMB (range: 0-76 days). EMB were
obtained an average 67 days after transplant {range: 20-222 days). An additional six sera
that were not associated with rejection and that were ECXM negative and MICA DSA
negative were used as controls. The 18 sera (12 rejection+/ECXM+ and & rejection-/ECXM-
controls) were hybridized to protein microarrays containing 8,000 full-length human proteins.
Bicinformatic analysis of the protein microarrays identified 366 rejection-associated antigens
with significantly increased fluorescence intensity (>1.5 fold; p<0.05) indicating positive
antibody reactivity in sera isolated from rejection+/ECXM+ patients compared o rejection-
ECKM- controls. Next, gene ontelogical analysis of the 366 non-HLA antigens was
performed to identify those that were most biologically relevant with respect to known
functional characteristics. From this analysis, twenty-two plasma membrane antigens and 10
known auioantigens were selected as these are likely target antigens expressed on the
endothelial cell surface and may contribuie to a positive ECXM. Of these, 19 were able to be
expressed and conjugated 1o luminex polystyrene beads for further downstream high
throughput testing (Table 1). Other non-HLA antigens (8 cardiac, 30 renal, 8 lung, and 1

liver) (Table 4) and were selected 1o generate a muiltiplex panel of 67 non-HLA antigens.

10178] Renal transplant non-HLA panel development: We tested sera from 16 renal
transplant recipients without HLA or MICA DSA, but with biopsy proven rejection and a
positive ECXM. An additional 3 sera coliected pre-transplant from 3/16 recipients were used
as a negative control. Sera were tested in parallel neat and following adsorption and elution

on endothelial cells. The non-adsorbed and eluted sera were tested on prolein microarrays
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which resulied in the identification of 1252 antigenic targets (>1.5 fold increase, p<0.05)
compared to pre-transplant sera. Prospector analysis identified antibodies present in both
the neat and eluted rejection sera reacting with 386 distinct proteins. Of these, 251 were
excluded from the analysis as they were present in pre-transplant sera. This resulted in 135
urtique proteins as potential candidates for constructing a non-HLA panel. After gene
ontology and frequency analysis, 12/135 antigenic targels were selected based on their
expression profile and functional characteristics and added to the 67 antigens used in the

cardiac multiplex bead array {o generate the Renal Mutliplex Bead Array.

{01791 Identification of non-HLA antibodies associated with allograft rejection. The multiplex
bead array was used (o screen sera samples from 34 no rejection and 33 rejection cardiac
transplant sampies from patients transplanted at UCLA between 2009-2016 to determine if
they developed non-HLA antibodies. A higher percentage of cardiac transplant recipient
samples with rejection were observed with 10 non-HLA antibodies {Tubulin, LPHN1,
Thyrogiobulin (TG), GAPDH, FN1, NPHS1, VIM, Myosin, VCL, PECR) compared o non-
rejection patient sera samples (Table 2). LPHN1 and Thyroglobulin (TG) are newly
described herein.

{0180] Table 2. Non-HLA Abs Associated with Rejection in the UCLA Adult Cardiac Cohort

Non-HLA Ab  [No Rejection (n=34) iRejection (n=33} Fisher-exact p-value
Tubulin 23.53% 26.36% 0.189
LPHN1 17.65% 33.33% 3.116
TG 5.88% 12.12% 0.322
GAPDH o 9.09% 0.114
FN1 0] 9.08% 0.114
NPHST 2.94% 12.12% 0.169
Vil 2.94% 9.09% 0.285
Myosin 5.88% 12.12% 0.322
VL 5.88% 15.15% 0.201
PECR 5.88% 15.15% 0.201

{3181] ldentification of non-HLA antibodies associated with renal allograft rejection. The
multiplex bead array was used {o screen sera samples isolated from recipients of pediatric
{(samples: n=85 no rejection and n=34 rejection) and adult (samples: n=80 no rejection and
n=70 rejection) renal transplants. Patients in the rejection group experienced at least one
histologically proven rejection episode during the study period. The pediatric and aduit renal
sample cohorts were analyzed independently (Figure 1A and B). From these independent

analyses 15 and 3 aniibodies {0 non-HLA antigens were identified as significantly associated
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with rejection, respectively (p<0.01, and a risk ratio >1) (Figure 1). In the pediatric cohort,
antibodies 10 15 non-HLA antigens {y-axis) were identified 10 be significantly associated with
the time to first renal rejection with an odds ratio >1 (x-axis) in pediatric renal transplant
recipients (Figure 14). Seven of these, DEXI, CSF2, IL-8, LGALSS, SNPRN, STATE and
LGALSS, are newly described herein as significantly related to renal franspiant rejection.
Bars represent the 95% confidence interval (Cl}. Antibedies to 3 additional non-HLA
antigens (Tubulin, CXCL11, SHC3) were significantly associated with renal allograft rejection
in adult renal transplant recipients (Figure 1B). SHC3 is newly identified herein as

significantly reiated to renal transpiant rejection.

{01B2] Table 3 shows a list of non-HLA antibodies identified as associated with rejection
after adult cardiac transplant {first column), Pediatlric renal (second column) and Adult renal
transplant {third column). These same targels are listed in Figures 1-3, 5 and 8, with
indicators of those which are predictive in CART analysis, sort independently, are newly

described, and cluster together in the correlation matrix.

10183] Table 3. Non-HLA Abs Associated with Rejection in the UCLA Adult Cardiac Cohort,
UCLA Pediatric Renal, and UCLA Adult Renal cohoris.

Cardiac, Aduilt Renal, pediatric Renal, adult
Tubulin DEXI Tubulin
LPHN1 LGALS3S SHC3
TG SNFRN CACL1H
GARDH CsF2
FN1 iL-8
NPHS1 STATS
ViM LGALSSE
Myosin KRT18
VCL KRT8
FPECR G8TTH

LMNA

Collagen |

ATPSB

SNRPB2

PLAZR1

[0184] A correlation matrix analysis of non-HLA antibodies associated with rejection after

adult cardiac transplant was performed (Figure 2A). Non-HLA antibedies associated with

adult cardiac allograft rejection seleclively clusier into 4 groups with one of them clustering

independently (VCL). (Non-HLA antibodies associated with pediatric renal allograft rejection

sslectively cluster into 6 groups (Figure 2B) with four of them clustering independantly
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(PLAR1, CSF2, GSTT1, and LGALSE). Seven of the non-HLA antibodies are newly
identified to be associated with renal allograft rejection in this study (CSF2, SNPRN,
LGALSSE, STATG, IL-8, DEXI, and LGALE3). The non-HLA antibodies found to be
significantly associated with fransplant rejection in the pediatric renal cohort were applied o
the adult renal transpiant cohort to similarly assess for correlation (Figure 2C). Antigens that
are independently correlated during a rejection episcde are similar between the pediatric and

adult renal transplant patients with rejection (adult renal: CSF2, GETT1).

{0185] The pediatric and adult cohorts were then combined into one analysis {o determine
how the antibodies specific for the panel of 18 non-HLA targets independently sort in
rejection (Figure 3, n=104). In rejection samples, the antibodies cluster into S groups, with
four of the 18 clustering independently (PLAZR, STATE, GSTT1, and CSF2). Three of these
four (STATS, GSTT1, and CSF2) are newly identified herein though the proteomics hased

discovery.

[0188] A classification and regression tree (CART) analysis was used io identify non-HLA
antibodies capable of differentiating rejection from non-rejection. Figure 4 shows the CART
analysis of sera obtained from adult cardiac (n=67 serg, Figure 4A} and pediatric renal
allograft transplant patients (n=129 sera, Figure 4B). CART analysis of sera isolated from
adult cardiac allograft transplant patients {n=67 sera) with a 1,000 MFI! cut point was used in
the analysis. The root node, LPHN1, that includes ail 67 sera, 48% of which are rejection
samples splits at an MFi<1000 into child nodes. As the algorithm progresses to terminal
nedes, 85% of rejection samples are correctly identified (far right, dark boxes). Scale bar
indicates association with rejection with lighter terminal node boxes correlating o non-
rejection. Eight non-HLA antibodies (SNPRN, KRT18, LGALS3, KRTS, SNRPB2, DEXI,
PLAZR1, Collagen I and GSTT1) were informative predictors of renal allograft rejection. The
root nede, SNPRN, that includes all 129 sera, 26% of which are rejection samples splits at
an MFi<1000 into child nodes. As the algorithm progresses o terminal nodes, 56% of non-
rejection samples are correctly identified (far left, darker boxes). Scale bar indicates
association with rejection with lighter terminal node boxes correlating to non-rejection.
importantly, PLAZR1 and GSTT1 were also found to independently cluster among rejection
samples, and three of the 8 (SNPRN, LGALS3, and DEX) are newly identified herein.

{01871 Described hereinabove are non-HLA antibodies that are significantly associated with
renal and cardiac allografi rejection. Using a protein microarray dotted with 8000 full length
proteins, followed by gene ontological analysis and development of a high throughput
multiplex bead array, 10 non-HLA antibodies were associated with cardiac allograft rejection
{Table 2} and 18 non-HLA antibodies were identified as significantly associated with renal

{pediatric and aduit) transplant rejection {(Figure 1, Table 3). Two of these non-HLA antigens
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are newly described herein as associated with transplant rejection {LPHN1 and TG). Nine of
these renal fargets, DEXI], SHC3, SNFRN, LGALS3, CSF2, LGALSE and STATS are newly
described herein as associated with transplant rejection (Figure 1, Table 3). The non-HLA
antibodies are shown in Table 3 and Figure 5. Some markers are found in multiple organs
and are predictive in the CART analysis. Other markers are non-HLA Abs that sort
independently. Still other markers include those non-HLA antibodies that sort together in the
correlation matrix and are independent of other markers. Correlation matrix analysis

identified a panel of non-HLA antibodies that can be used independently to predict rejection.
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[(3188] Example 2. Validation of Non-HLA Antibodies Associated with Cardiac Allograft

Rejection

{0190] Additional analysis of the non-HLA antigens described above was performed as
described in C.L. Butler et al., Am J Transplant. 2020;00.1-13. The study of adull cardiac

allograft recipients {(samples: n = 477 no rejection; n = 69 rejection) identified 18 non-HLA

aniibodies associatad with rejection (P < . 1) including 4 newly idsntified non-HLA antigenic
targeis (DEXI, EMCN, LPHN1, and SSB). CART analysis showed 5/18 non-HLA antibodies

distinguished rejection vs nonrejection. Antibodies o 4/18 non-HLA antigens synergize with

HLA donor-specific antibodies and significantly increase the odds of rejection (P < .1). The

non-HLA panel was validated using an independent adult cardiac transplant cohort (n = 21 no

rejection; n = 42 rejection, >1R) with an area under the curve of 0.87 (P < .05) with 82.88%

sensitivity and 66.67% specificity. The resulis confirm that multiplex bead array assessment of

non-HLA antibodies identifies cardiac transplant recipients at risk of rejection.

[0181] Table 5 lists targets identified through the additional analysis, confirming the value of

these targets that had been identified previously in Table 4. Table 8 summarizes the various

targets ideniified through studies of both renal and cardiac grafts. Figure 8 provides an

expanded summary of that depicted in Figure 5, reflecting resulls of the additional analysis.

{0182] Table 5. Targsts identified and grouped through additional analysis

Target Group Predictive Sort Independently  INewly Identified
ENO1 112 X X

AGRN 142 X X

EMCN 172 X X X
588 2 X X
Actin 3

FLT3LG 3

PRKCH 3

fL-21 3

Group 1 = Core + Prediclive in the CART Analysis

Group 2 = Sort indspendently + UCLA Newly Described

Group 3 = Cluster Togethsr in the Correlation Matrix
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{3183} Table 6. All targets identified
Additional Analysis independent Analysis
Cardiac, Adult Cardiac, Adult Renal, Pediatric Renal, Adult
ENO1s > Tubulin DEXT* Tubulin
AGRN™ ** LPHNT® LGALS3* SHC3*
EMONS ** T SNPRN* CXCL11*™*
S8SB* GAPDH CSF2*
Actin™* FN{re iL-g*
FLT3LG*™ NPHS 1 STATE*
PRKCH™* A1 LGALSE™
L2t Myosin™* KRT18*
VLY KRT8*
PECR"« GSTT1™
LIMNAT
Collagen I
ATP5B*
SNRPB2*
PLAZR1: **

[0184] Halics indicates newly identified.

[0185] Bold face indicates core (across organs).

[3186] *Indicates predictive in CART analysis.

[0187] "Indicates sorts independently.

[0188] **indicates cluster together in correlation matrix.

[3189] References
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What is claimed is:

1.

A compuosition comprising a colisction of solid-phase subsirates coated with one or more
homogenous populations of binding agents, wherein each homogenous population of
binding agents specifically binds to an antibody that is directed against a single antigen
sslected from the group consisting of. dexamesthasone-induced transcript (DEXD, C-X-C
motif chemokine ligand 11 (CXCL11), cylokeratin 18 (KRT18), cyioksratin 8 (KRT8),
Tubulin, including tubulin alpha 1 b (also raferred to as TUBaib or TUBA1ER), iatrophilin 1
(LPHN1}, Colony stimulating factor 2 (CSF2), Signal Transducer And Activator Of
Transcription 8 (STATS), lectin galactoside-hinding soluble 3 (LGALS3), SHC Adaptor
Protein 3 (SHC3), Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), Glutathione S-
Transferase thela-1 (GETT1), phospholipase A2 receptor 1 (PLAZR1}, Interlsukin 8 (1L-8),
lectin galactoside-~binding soluble 8 (LGALSE), Small Nuclear Ribonucleoprotein
Polypeptide N (SNPRN), Myosin, Peroxisomal trans-2-enovl-CoA Reductase (PECR),
vimentin (VIM), ATP synthase H+ transporiing mitochondrial F1 complex beta polypeptide
(ATPEB), Collagen H, Prelamin-A/C (LMNA), small nucisar ribonucieoprotein polypeptide
B (SNRPB2}, fibronectin 1 (FN1}, nephrosis 1, congenital, Finnish type (NPHS1},
Thyroglobulin (TG), and Vinculin (VCL).

The composition of claim 1, wherein the collection of solid-phase substrates further
comprises one or more additional homogenous populations of binding agents, wherein
each additional homogenous population of binding agents spscifically binds to an antibody
that is directed against a single additional antigen selected from the group consisting of:
Alpha-enclase (ENO1), Agrin (AGRN]), Endomucin (EMCN), Sjogren syndrome antigen B
(5SB), Actin, fms-related tyrosine kinase 3 ligand (FLT3LG), Protein kinase C eta
(PRKCH), and Interleukin 21 ({L-21).

The composition of claim 1 or 2, wherein the solid-phase subsirates are porous or non-

DOTOUS.

The composition of claim 2 or 3, wherein the solid-phase substraies comprise particles,

nancpariicles, beads, nanobeads or microsphsres.
The composition of 4, wherein the beads are polystyrene beads.

The composition of any ane of the preceding claims, wherein the collection of solid-phase

subsirates comprises a microarray.
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10.

1.

12.

13

14.

15.

16.

17.

WO 2020/227376 PCT/US2020/031627

The composition of any one of the precading claims, whersin the solid-phase substraies

are fluorescently labeled, magnelically labeled, or radic labeled.

The composition of any one of the preceding claims, wherein the solid-phase substrates

are labeled with 3 small molecule.

The composition of any one of the preceding claims, wherein the one or more
homogenous populations of binding agenis are conjugated o the surface of the solid-

phase substrates.
The composition of claim 9, wherein the conjugation is covalent.

The composition of any ong of the preceding claims, wherein the one or mors
homogenous populations of binding agsents are altached to the surface of the sulid-phase

substrates by affinity.

The composition of any one of the preceding claims, whersin the binding agentis a

polypepiide.

The composition of any one of the preceding claims, wherein the solid-phase substraies
are coated with at least three different homogenous populations of binding agents that

bind to at least three different antigens.

The composition of claim 13, wherein the substraies are coataed with multiple different
homogenous populations of binding agents that bind to the antibodies consisting of
antibodies fo Tubulin, LPHN1, SNRPN, KRT18, KRT3, LGALS3, SNRPB2, DEXI,
Collagen H, PLAZR1, GSTT1, VCL, CSF2, LGALSS, and STATS.

The composition of claim 13, wherein the subsirates are coated with multiple different
homogenous populations of binding agents that bind to the antibodies consisling of
antibodies to Tubulin, LPHN1, TG, GAPDH, FN1, NPHS1, VIM, Myosin, VCL, and PECR.

The composition of claim 15, wherein the substrates are furthsr coated with multiple
different homogenous populations of binding agents that bind {0 the antibodiss consisting
of antibodias to ENO1, AGRN, EMCN, SSE, Actin, FLT3LG, PRKCH, and {L-21.

The composition of claim 13, wherein the substrates are coated with muitiple different
homogenous populations of binding agents that bind o the antibodies consisting of
antibodies to DEXI, LGALS3, SNPRN, CSF2, 1L-8, STATS, LGALSS, KRT18, KRT8,
GSTT1, LMNA, Collagen i, ATPSE, SNRPB2 and PLAZR1.
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18.

20.

21.

22.

23.

24.

25,

26.

27.

28.
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The composition of claim 13, wherein the substraies are coataed with multiple different
homogenous populations of binding agents that bind to the antibodies consisting of
antibodies to Tubulin, SHCS and CXCL11.

The composition of claim 13, wherein the substrates are coated with mutliple different
homaogenous populations of binding agents that bind o the antibodies consisting of
antibodies to DEX], EMCN, SNRPN, LPHN1 and S5B.

The composition of claim 13, wherein the substrates are coated with mulliple different
homogenous populations of binding agentis that bind to the antibodies consisting of
antibodies to KRT18, GAPDH, AGRN, ENO1 and EMCN.

The composition of claim 13, wherein the substirates are coated with mulliple different
homogenous populations of binding agents that bind to the antibodies consisting of
antibodies to Tubulin, LPHN1, SNRPN, KRT18, KRT8, LGALSS3, SNRPB2, DEXI,
Collagen H, GAPDH, ENO1, AGRN, EMCN, SSB, PLA2R1, GSTT1, VCL, CSF2, LGALSS,
STATS, IL-8, and SHC3.

The composition of claim 1, wherein the single antigen is selected from the group
consisting of: LPHN1, TG, DEXI, C8F2, 1L-8, LGALSS, SNPRN, STATG, SHC3, and
LGALSS.

The composition of claim 2, wherein the single additional antigen is selecied from the

group consisting of: EMCN and S8B.

The composition of any of the preceding claims, wherein at least one solid-phase

subsirate is detectably distinguishable from at ieast one other solid-phase substrate.

A method for determining the presance of ons or more antibodies in a biclogical sample

obtained from a subject, the method comprising:
a) contacting the biclogical sample with the composition of any of claims 1-24, and

) detecting the binding of the one or more homogenous populations of binding agents to

the one or more antibodies.
The method of claim 25, wherein the subject is a mammal.
The method of claim 26, wherein the subject is a human.

The msthod of any of claims 25-27, wherein the subject has recsived or will recsive a

heart or kidney transplant.
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The method of claim 28, wherein the heart transplant is an allograft heart or kidney

transplant.

The method of any of claims 25-29, wherein the biclogical sample is blood, plasma,
serum, urine, spinal fluid, lymph fluid, synovial fluid, cerebrospinal fluid, tears, saliva, milk,

mucoesal secretion, effusion, sweal, biopsy aspirates, ascites or fluidic sxiracts.

The method of any of claims 25-30, wherein the detecting is by measuring a fluorescence

intensity or by an immunological analysis.

A method for diagnosing a fransplant rejection response in a subject that has undergone a

heart or kidney transplant, the method comgprising:

a) contacling a biclogical sample obtained from the subject with the compeosition of any of

claims 1-24, and
) measuring the levels of the ong of more antibodies in the sampls;

wherein increased levels of the one or mors antibodies, compared {0 reference levals,
indicates that the subject has developed a transplant rejection response in response to the

heart or kidney transplant.

. A method for predicting the likelihood of a transplant rejection response in a subject in

need of a heart or kKidney transpilani, the method comprising:

a) contacling a biological sample from the subject with the composition of any of claims
1-24, and

) measuring the levels of the one or more antibodies in the sample;

wherein increased levels of the one or more antibodies, comparead o reference levels,
indicates that the subject has an increased likelihood of developing a fransplant rejection

response after a heart or kidney transplant.

A method of treating a subject in need of treatment for a transplant rejection response

after receiving a hsart or kidney fransplant, the method comprising:

a) contacling a biclogical sample obtained from the subject with the compeosition of any of

claims 1-24,

) measuring ievels of the one or more antibodies in the sample, and
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¢} administering a treatment for transplant rejection o the subject when there are
increased levels of the one or more antibodies, compared {o reference levels of the

one or more antibodies.
35. A kit comprising:
a) the composition of any of claims 1-24, and

b} reagents for detecting the binding of the one or more homogenous populations of
binding agents to the antibodies.

36. The kit of claim 35, further comprising one or more reference sampies.
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