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EXPRESSION OF HLA PROTEINS ON NON
HUMAN CELLS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit under 35 U.S.C. 119
(e) of U.S. Ser. No. 60/880,838, filed Jan. 17, 2007. This
application is also a continuation-in-part of U.S. Ser. No.
11/099,283, filed Apr. 4,2005; which is a continuation of U.S.
Ser. No. 10/022,066, filed Dec. 18, 2001, now abandoned;
which claims priority under35 U.S.C. § 119(e) of provisional
U.S. Ser. No. 60/256,410, filed Dec. 18, 2000; provisional
U.S. Ser. No. 60/256,409, filed Dec. 18, 2000; and provisional
U.S. Ser. No. 60/327,907, filed Oct. 9, 2001. Said application
U.S. Ser. No. 10/022,066 is also a continuation-in-part of U.S.
Ser. No. 09/465,321, filed Dec. 17, 1999, now abandoned;
and is also a continuation-in-part of U.S. Ser. No. 09/974,366,
filed Oct. 10, 2001.

[0002] The entire contents of each of the above-referenced
patents and patent applications are hereby expressly incorpo-
rated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0003] Not Applicable.
BACKGROUND OF THE INVENTION
[0004] 1. Field of the Invention
[0005] The present invention relates generally to a method-

ology of expression of human HLA proteins on non-human
cells as well as to methods of utilizing such non-human cells
having HLA proteins expressed thereon.

[0006] 2. Description of the Background Art

[0007] Human cells express on their surface an incredibly
large number of membrane-bound proteins, all of which dis-
play individual properties and physiological functions. From
this large array of surface cell proteins, a number of clinical
procedures require characterization of the human major his-
tocompatibility complex (MHC) class I and II membrane-
bound molecules. The human MHC class I and class II mol-
ecules are known as human leukocyte antigens, or HLA. The
HLA class I and class II molecules are responsible for pre-
senting peptide antigens to receptors located on the surface of
T-lymphocytes, Natural Killer Cells (NK), and possibly other
immune effector and regulatory cells. Display of peptide
antigens on the MHC I and MHC II molecules are the basis
for the recognition of “self vs. non-self” and the onset of
important immune responses such as transplant rejection,
graft-versus-host-disease, autoimmune disease, and healthy
anti-viral and anti-bacterial immune responses.

[0008] Class I and class II HLA molecules differ from
person to person. Each person expresses a different comple-
ment of class I and class II on the surface of their cells. For
transplant purposes it is important to determine which of the
multiple HLA expressed on a cell are recognized by the
antibodies of another individual. Anti-HLA antibodies can
lead to hyperacute organ rejection. It is often difficult to
determine which of many HLA are recognized by antibodies
because sera can have antibodies to non-HLA proteins, mul-
tiple HLA molecules, and sera may crossreact among differ-
ent HLA molecules. With many human proteins, many HLA
proteins, antibodies to multiple human proteins, and antibod-
ies crossreactive to various HLA proteins, it can be difficult
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when screening patients for organ transplantation to ascertain
which of the many HL A in the population, and expressed on
an organ to be transplanted, are recognized by antibodies.
Antibodies to HLA proteins may also lead to problems during
the transfusion of blood products, whereby antibodies in the
blood of the blood donor may react with the HLA class I and
class II antigens of the recipient of the blood product. Anti-
bodies in the blood product that recognize the recipient’s
HLA may lead to transfusion related acute lung injury
(TRALI).

[0009] Class I MHC molecules, designated HLLA class I in
humans, bind and display peptide antigen ligands upon the
cell surface. The peptide antigen ligands presented by the
class I MHC molecule are derived from either normal endog-
enous proteins (“self”) or foreign proteins (“nonself”) intro-
duced into the cell. Nonself proteins may be products of
malignant transformation or intracellular pathogens such as
viruses. In this manner, class | MHC molecules convey infor-
mation regarding the internal fitness of a cell to immune
effector cells including but not limited to, CD8" cytotoxic T
lymphocytes (CTLs), which are activated upon interaction
with “nonself” peptides, thereby lysing or killing the cell
presenting such “nonself” peptides.

[0010] Class I MHC molecules, designated HLA class ITin
humans, also bind and display peptide antigen ligands upon
the cell surface. Unlike class I MHC molecules which are
expressed on virtually all nucleated cells, class II MHC mol-
ecules are normally confined to specialized cells, such as B
lymphocytes, macrophages, dendritic cells, and other antigen
presenting cells which take up foreign antigens from the
extracellular fluid via an endocytic pathway. The peptide
antigens bound and presented by class II HLA are derived
from extracellular foreign antigens, such as products of bac-
teria that multiply outside of cells, wherein such products
include protein toxins secreted by the bacteria or any other
bacterial protein to which the human immune system might
respond in a protective manner. In this manner, class II mol-
ecules convey information regarding the existence of patho-
gens in extracellular spaces that are accessible to the cell
displaying the class II molecule. Class II HLA expressing
cells then present peptide antigens derived from the extracel-
lular antigen/bacteria to immune effector cells, including but
not limited to, CD4* helper T cells, thereby helping to elimi-
nate such pathogens. The elimination of such pathogens is
accomplished by both helping B cells make antibodies
against microbes, as well as toxins produced by such
microbes, and by activating macrophages to destroy ingested
microbes.

[0011] Class I and class II HLA molecules exhibit exten-
sive polymorphism generated by systematic recombinatorial
and point mutation events; as such, hundreds of different
HLA types exist throughout the world’s population, resulting
in substantial immunologic diversity. Such extensive HLA
diversity throughout the population results in tissue or organ
transplant rejection between individuals as well as differing
susceptibilities and/or resistances to infectious diseases.
HL A molecules also contribute significantly to autoimmunity
and cancer. Because HLA molecules mediate most, if not all,
adaptive immune responses, and because of their tremendous
diversity, large quantities of individual HLA proteins are
required in order to effectively study transplantation, autoim-
munity disorders, and for vaccine development.

[0012] However, there has been no readily available source
of'individual HLA molecules. The quantities of HLA protein
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available have been small and typically consist of a mixture of
different HLA molecules. Production of HLA molecules tra-
ditionally involves growth and lysis of cells expressing mul-
tiple HLA molecules. Ninety percent of the population is
heterozygous at each of the HL A loci; codominant expression
results in multiple HLA proteins expressed at each HLA
locus. To purify native class I or class II molecules from
human cells requires time-consuming and cumbersome puri-
fication methods in order to separate individual class I or class
II HLA molecules away from other HL A proteins expressed
by the cell, and since each cell typically expresses multiple
surface-bound HLA class I or class II molecules, HLA puri-
fication results in a mixture of many different HLLA class I or
class Il molecules. When performing experiments using such
a mixture of HLA molecules or performing experiments
using a cell having multiple surface-bound HLA molecules,
interpretation of results cannot directly distinguish between
the different HLA molecules, and one cannot be certain that
any particular HLA molecule is responsible for a given result.
Therefore, prior to the present invention, a need existed in the
art for a method of producing substantial quantities of indi-
vidual HLA class I or class II molecules so that they can be
readily purified and isolated independent of other HLA class
Torclass Il molecules. Such individual HLA molecules, when
provided in sufficient quantity and purity as described herein,
provides a powerful tool for studying and measuring immune
responses.

[0013] The fact that HLA class I contains three genes of
interest: HLA-A, B, and C, while HLA class II contains
multiple gene products as well including, DRA, DRB, DPA,
DPB, DQA, and DQB, must be taken into consideration. To
add to the complexity of the system, these proteins are poly-
morphic and are expressed in a heterozygous fashion, mean-
ing that each cell expresses one molecule form from the
mother and another from the father, leading to the expression
of many different MHC molecules on each cell surface. Fur-
thermore, antibodies have a difficult time discriminating
among various class II—this complicates the serologic selec-
tion of cells that express large numbers of a particular HLA
class 11, and this complicates the purification of a given class
II HLA protein.

[0014] Identification of class I and class II HLA molecules
on the cell surface by serological methods is difficult and
complex. The cross reactivity between these molecules and
the high background given by other surface-bound molecules
that have similarities to the MHC system make this task
unreliable.

[0015] Therefore, there exists a need in the art for improved
methods of expressing individual HLA class I and class 11
molecules. There exists a need for selecting for high expres-
sion of an individual HLLA protein, and there exists a need for
purifying a specific HLA protein without copurification of
mixtures of HLA proteins. The present invention solves this
need by expressing individual human HLA class I and HLA
class IT molecules on non-human cells. Such system will have
many advantages over the existing procedures of HL A sero-
logic characterization.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 illustrates expression of MHC II on NS-1.
Shaded area, untransfected NS-1; green line, human T2 cells,
known not to express MHC II; Blue line and red line, THP-1
and U937 respectively, human macrophage-like cell lines
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known to express MHC II; black line, NS-1 double trans-
fected with DRA1*0101 and DRB1*0101.

[0017] FIG. 2 illustrates NS-1 transfectants expressing
human MHC II. Shaded area, untransfected NS-1; black line,
DRA1*0101/DRB1*0401; blue line, DRA1*0101/
DRB1*0801; red line, DRA1*0101/DRB1*1101; and green
line, DRA1*0101/DRB1*0102

[0018] FIG. 3 illustrates plasma from 4 individuals pre-
tested as DRI, tested again against NS-1 transfected with
human MHC II. Shaded area, unstained cells; black line, cells
stained with secondary antibody only; dashed line, fully
stained NS-1 transfected with only DRA1; red line, NS-1
DRA1*0101/DRB1*#0101; blue line, NS-1 DRA1*0101/
DRB1*0401; green line, DRA1*0101/DRB1*0801; and
purple line, DRA1*0101/DRB1*1101.

[0019] FIG. 4 illustrates the selection of high expression of
NS-1 transfected with DRA1*0101. NS-1 cells were ana-
lyzed by flow cytometry for their expression of DRA*0101.
Column 1, untransfected NS-1 cells; column 2, initial transfer
and expression of DRA*0101; columns 3-5: NS-1 cells trans-
fected with DRA1*0101 after one, two or three sorting steps,
respectively.

[0020] FIG. Sillustrates the selection of high expression of
NS-1 transfected with DRB1#0101. NS-1 cells were ana-
lyzed by flow cytometry for their expression of DRB1*0401/
DRA1*0101. Column 1, untransfected NS-1 cells; column 2,
column 2 from FIG. 4 (used to establish a threshold); column
3, class 1I alpha/beta/peptide expression on human cell line
721.221; column 4, initial transfection of DRB1*0401 into
the DRA1*0101 positive cells shown in column 2; columns 5
and 6: NS-1 cells transfected with DRA1*0101/DRB1*0401
after one or two sorting steps, respectively.

[0021] FIG. 6 graphically represents a sandwich ELISA
platform for the detection of specific Anti-HLA class II anti-
bodies in human sera, in accordance with the present inven-
tion.

[0022] FIG. 7 show typical reactivity patterns of specific
human sera with the Class II molecule DRB1*0401 in the
ELISA platform of FIG. 6.

[0023] FIG. 8 illustrates a sera screen similar to FIG. 7,
except using a different clone of HLA-DRB*0401.

[0024] FIG. 9 graphically represents a direct detection
approach for the detection of specific Anti-HL A class II anti-
bodies in human sera, in accordance with the present inven-
tion.

[0025] FIG. 10 illustrates ELISA results of HLA-
DRB1*0401 directly coated in the ELISA platform of FIG. 9.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Before explaining at least one embodiment of the
invention in detail by way of exemplary drawings, experi-
mentation, results, and laboratory procedures, it is to be
understood that the invention is not limited in its application
to the details of construction and the arrangement of the
components set forth in the following description or illus-
trated in the drawings, experimentation and/or results. The
invention is capable of other embodiments or of being prac-
ticed or carried out in various ways. As such, the language
used herein is intended to be given the broadest possible
scope and meaning; and the embodiments are meant to be
exemplary—not exhaustive. Also, it is to be understood that
the phraseology and terminology employed herein is for the
purpose of description and should not be regarded as limiting.
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[0027] Unless otherwise defined herein, scientific and tech-
nical terms used in connection with the present invention
shall have the meanings that are commonly understood by
those of ordinary skill in the art. Further, unless otherwise
required by context, singular terms shall include pluralities
and plural terms shall include the singular. Generally, nomen-
clatures utilized in connection with, and techniques of, cell
and tissue culture, molecular biology, and protein and oligo-
or polynucleotide chemistry and hybridization described
herein are those well known and commonly used in the art.
Standard techniques are used for recombinant DNA, oligo-
nucleotide synthesis, and tissue culture and transformation
(e.g., electroporation, lipofection). Enzymatic reactions and
purification techniques are performed according to manufac-
turer’s specifications or as commonly accomplished in the art
or as described herein. The foregoing techniques and proce-
dures are generally performed according to conventional
methods well known in the art and as described in various
general and more specific references that are cited and dis-
cussed throughout the present specification. See e.g., Sam-
brook et al. Molecular Cloning: A Laboratory Manual (2nd
ed., Cold Spring Harbor Laboratory Press, Cold Spring Har-
bor, N.Y. (1989) and Coligan et al. Current Protocols in
Immunology (Current Protocols, Wiley Interscience (1994)),
which are incorporated herein by reference. The nomencla-
tures utilized in connection with, and the laboratory proce-
dures and techniques of, analytical chemistry, synthetic
organic chemistry, and medicinal and pharmaceutical chem-
istry described herein are those well known and commonly
used in the art. Standard techniques are used for chemical
syntheses, chemical analyses, pharmaceutical preparation,
formulation, and delivery, and treatment of patients.

[0028] As utilized in accordance with the present disclo-
sure, the following terms, unless otherwise indicated, shall be
understood to have the following meanings:

[0029] The terms “isolated polynucleotide” and “isolated
nucleic acid segment” as used herein shall mean a polynucle-
otide of genomic, cDNA, or synthetic origin or some combi-
nation thereof, which by virtue of its origin the “isolated
polynucleotide” or “isolated nucleic acid segment” (1) is not
associated with all or a portion of a polynucleotide in which
the “isolated polynucleotide” or “isolated nucleic acid seg-
ment” is found in nature, (2) is operably linked to a polynucle-
otide which it is not linked to in nature, or (3) does not occur
in nature as part of a larger sequence.

[0030] Theterm “isolated protein” referred to herein means
a protein of genomic, cDNA, recombinant RNA, or synthetic
origin or some combination thereof, which by virtue of its
origin, or source of derivation, the “isolated protein” (1) is not
associated with proteins found in nature, (2) is free of other
proteins from the same source, e.g., free of murine proteins,
(3) is expressed by a cell from a different species, or, (4) does
not occur in nature.

[0031] The term “polypeptide” as used herein is a generic
term to refer to native protein, fragments, or analogs of a
polypeptide sequence. Hence, native protein, fragments, and
analogs are species of the polypeptide genus.

[0032] The term “naturally-occurring” as used herein as
applied to an object refers to the fact that an object can be
found in nature. For example, a polypeptide or polynucleotide
sequence that is present in an organism (including viruses)
that can be isolated from a source in nature and which has not
been intentionally modified by man in the laboratory or oth-
erwise is naturally-occurring.
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[0033] “Antibody” or “antibody peptide(s)” refer to an
intact antibody, or a binding fragment thereof that competes
with the intact antibody for specific binding. Binding frag-
ments are produced by recombinant DNA techniques, or by
enzymatic or chemical cleavage of intact antibodies. Binding
fragments include Fab, Fab', F(ab')2, Fv, and single-chain
antibodies. An antibody other than a “bispecific” or “bifunc-
tional” antibody is understood to have each of its binding sites
identical. An antibody substantially inhibits adhesion of a
receptor to a counterreceptor when an excess of antibody
reduces the quantity of receptor bound to counterreceptor by
at least about 20%, 40%, 60% or 80%, and more usually
greater than about 85% (as measured in an in vitro competi-
tive binding assay).

[0034] The term “MHC” as used herein will be understood
to refer to the Major Histocompability Complex, which is
defined as a set of gene loci specifying major histocompat-
ibility antigens. The term “HLA” as used herein will be
understood to refer to Human Leukocyte Antigens, which is
defined as the major histocompatibility antigens found in
humans. As used herein, “HLA” is the human form of
“MHC”.

[0035] The terms “MHC class I light chain” and “MHC
class I heavy chain” as used herein will be understood to refer
to portions of the MHC class I molecule. Structurally, class I
molecules are heterodimers comprised of two noncovalently
bound polypeptide chains, a larger “heavy” chain (o) and a
smaller “light” chain (3-2-microglobulin or f2m). The poly-
morphic, polygenic heavy chain (45 kDa), encoded within the
MHC on chromosome six, is subdivided into three extracel-
lular domains (designated 1, 2, and 3), one intracellular
domain, and one transmembrane domain. The two outermost
extracellular domains, 1 and 2, together form the groove that
binds antigenic peptide. Thus, interaction with the TCR
occurs at this region of the protein. The 3’¢ extracellular
domain of the molecule contains the recognition site for the
CD8 protein on the CTL; this interaction serves to stabilize
the contact between the T cell and the APC. The invariant
light chain (12 kDa), encoded outside the MHC on chromo-
some 15, consists of a single, extracellular polypeptide. The
terms “MHC class I light chain”, “f-2-microglobulin”, and
“pf2m” may be used interchangeably herein. Association of
the class I heavy and light chains is required for expression of
class I molecules on cell membranes.

[0036] Like MHC class I molecules, class II molecules are
also heterodimers, but in this case consist of two nearly
homologous o and f§ chains, both of which are encoded in the
MHC. The class II MHC molecules are membrane-bound
glycoproteins, and both the o and (3 chains contain external
domains, a transmembrane anchor segment, and a cytoplas-
mic segment. Each chain in a class II molecule contains two
external domains: the 33-kDa o chain contains o, and o,
external domains, while the 28-kDa f chain contains 3, and
B, external domains. The membrane-proximal a, and f3,
domains, like the membrane-proximal 3¢ extracellular
domain of class I heavy chain molecules, bear sequence
homology to the immunoglobulin-fold domain structure. The
membrane-distal domain of a class II molecule is composed
ofthe ., and 3, domains, which form an antigen-binding cleft
for processed peptide antigen. The peptides presented by
class IT molecules are derived from extracellular proteins (not
cytosolic intracellular peptide antigens as in class I); hence,
the MHC class I1-dependent pathway of antigen presentation
is called the endocytic or exogenous pathway. Loading of
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class Il molecules must still occur inside the cell; extracellular
proteins are endocytosed, digested in lysosomes, and bound
by the class II MHC molecule prior to the molecule’s migra-
tion to the plasma membrane. Because the peptide-binding
groove of MHC class II molecules is open at both ends while
the corresponding groove on class I molecules is closed at
each end, the peptides presented by MHC class 1I molecules
are longer, generally between 13 and 24 amino acid residues
long. Like class I HLA, the peptides that bind to class II
molecules often have internal conserved “motifs’, but unlike
class I-binding peptides, they lack conserved motifs at the
carboxyl-terminal end, since the open ended binding cleft
allows a bound peptide to extend from both ends.

[0037] The term “trimolecular complex” as used herein
will be understood to refer to the MHC heterodimer associ-
ated with a peptide. An “MHC class I trimolecular complex”
or “HLA class I trimolecular complex” will be understood to
include the class I heavy and light chains associated together
and having a peptide displayed in an antigen binding groove
thereof. The terms “MHC class II trimolecular complex” and
“HLA class II trimolecular complex” will be understood to
include the class II alpha and beta chains associated together
and having a peptide displayed in an antigen binding groove
thereof.

[0038] The term “antibody” is used in the broadest sense,
and specifically covers monoclonal antibodies (including full
length monoclonal antibodies), polyclonal antibodies, multi-
specific antibodies (e.g., bispecific antibodies), and antibody
fragments (e.g., Fab, F(ab')2 and Fv) so long as they exhibit
the desired biological activity. Antibodies (Abs) and immu-
noglobulins (Igs) are glycoproteins having the same struc-
tural characteristics. While antibodies exhibit binding speci-
ficity to a specific antigen, immunoglobulins include both
antibodies and other antibody-like molecules which lack anti-
gen specificity. Polypeptides of the latter kind are, for
example, produced at low levels by the lymph system and at
increased levels by myelomas.

[0039] As used herein, “substantially pure” means an
object species is the predominant species present (i.e., on a
molar basis it is more abundant than any other individual
species in the composition), and preferably a substantially
purified fraction is a composition wherein the object species
comprises at least about 50 percent (on a molar basis) of all
macromolecular species present.

[0040] The term “biological sample” as used herein will be
understood to include, but not be limited to, serum, tissue,
blood, cerebrospinal fluid, tears, saliva, lymph, dialysis fluid,
organ or tissue culture derived fluids, and fluids extracted
from physiological tissues. The term “biological sample” as
used herein will also be understood to include derivatives and
fractions of such fluids, as well as combinations thereof. For
example, the term “biological sample” will also be under-
stood to include complex mixtures.

[0041] Turning now to the present invention, the methods
disclosed herein are directed to the expression of individual
human HLA class I and HLA class II molecules on non-
human cells and methods of purifying and/or using same.
Such systems will have many advantages over the existing
procedures of HL A serologic characterization, including, but
not limited to, those discussed in the following paragraphs.
[0042] One advantage of the present invention over the
prior art is the ability to select for non-human cells that
express a high number of one specific surface-bound human
HLA class I or class II molecule. The one specific HLA
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molecule, or an alpha or beta chain thereof, will be transferred
into the non-human cells. Because the non-human cells do not
express other competing HLLA, the present invention allows
for the selection of high expression of a single human HLA
protein without background interference from other human
proteins that may be serologically crossreactive. This will
facilitate the establishnient of cell lines that express high
amounts of a single class I or class IT HLA protein.

[0043] Class I and class IT highly expressed HLA proteins
can then be purified without interference from other human
proteins that might interfere with the HL A purification due to
crossreactivity or similarity to the human HLA protein to be
characterized. The present invention allows for the utilization
of'a human-specific HLA purification scheme that will not be
impacted by other human proteins because they are not found
in the non-human cells that have been transfected to express
HLA.

[0044] Since the present invention provides control of the
environment where the HLA molecule is expressed (i.e., the
HLA molecule will be the only human molecule on a non-
human mammalian background), many other experiments
can be performed in order to better understand the biochemi-
cal and biophysical properties of the human MHC. The
present invention essentially eliminates background noise
that would otherwise interfere with studying how manipula-
tions change expression and purification of an individual
HLA protein. Changes can be made in the HLA protein, the
gene promoter, etc., and the impact of these changes on the
HL A protein in question can be assessed without interference
from other non-modified HLA.

[0045] Expression of human HLA class I and class II on
non-human cells also allows the clear detection of antibodies
that have formed against human HLA, even when antibodies
may exist in the serum at low concentration or that may have
a low avidity for the HLA molecules. Non-human cells
expressing human HLLA molecules can be used in cell arrays
(Stephan et al., 2002), where human serum could be tested
against a panel of non-human cells that are each expressing
different HLA molecules. Thus, non-human cells that are not
reactive to serum can be identified, and then a single HLA
protein can be expressed in these non-human cells, thus facili-
tating the clear and precise serologic characterization of this
HLA protein.

[0046] Because the non-human cells will only express a
single human molecule, the background given by the binding
antibody to a given molecule will be low, and could be com-
pletely eliminated by subtracting the background of the HLA
non-transfected non-human cells, from the binding observed
when using the non-human cell expressing the given HLA
molecule.

[0047] Other systems that use human cells to produce HLA
typically purify the HLA and then put the HLA on a surface
meant to resemble the cell from which HLA was extracted.
This allows the HLA to be the only human protein available,
but these systems struggle to purify the desired HLA away
from other HLA. In the present invention, HLA will be the
only human protein available on the cell. Therefore, the HLA
may never need to be extracted from the non-human cell,
purified, concentrated, and adhered to a cell-like surface. All
of these extraction/purification/concentration/adherence
steps can impact HLA protein yield and can alter the HLA
protein conformation such that it loses some or all of its native
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structure and serologic recognition. Expressing an HLA pro-
tein on a non-human cell obviates extraction, purification,
adherence, and the like.

[0048] The non-human cells expressing the HLA protein
may be used as an HLA platform themselves rather than
requiring extraction of the HLA protein. Therefore, one
embodiment of the present invention is a composition com-
prising a recombinant, non-human cell having at least one
functionally active, individual HLA trimolecular complex on
a surface thereof.

[0049] The term “HLA protein” as used herein will be
understood to refer to any HLA molecule, complex thereof or
fragment thereof that is capable of being expressed on a
surface of a non-human cell. Examples of HLA proteins that
may be utilized in accordance with the present invention
include, but are not limited to, an HLA class I trimolecular
complex, an HLA class II trimolecular complex, an HLA
class II o chain and an HLA class II chain. Specific examples
of HLA class II a and/or 3 proteins that may be utilized in
accordance with the present invention include, but are not
limited to, those encoded at the following gene loci: HLA-
DRA; HLA-DRB1; HLA-DRB3.4,5; HLA-DQA; HLA-
DQB; HLA-DPA; and HLA-DPB.

[0050] The term “non-human cell” as used herein will be
understood to refer to any cell capable of expressing a recom-
binant HLA protein (as defined herein above) on a surface
thereof. Therefore, any “non-human cell” utilized in accor-
dance with the present invention must contain the necessary
machinery and transport proteins required for expression of
MHC/HLA proteins and/or MHC/HLA trimolecular com-
plexes ona surface of such cell. “Non-human cells” utilized in
accordance with the present invention must have (A) machin-
ery for chaperoning and loading MHC/HL A proteins, such as
class I and class II proteins; and (B) such machinery must be
able to interact and work with human HL A proteins, such as
class I and class I proteins. Not all cells express class [l MHC
protein; only professional immune cells such as but not lim-
ited to dendritic cells (DC), macrophages, B cells, and the like
express class II proteins. Therefore, when it is desired to
express class Il HLA protein in a non-human cell, such non-
human cell must express class II MHC for that species and
contain the appropriate machinery for interacting and work-
ing with both that species’ class II MHC as well as human
class II HLA. However, the present invention also includes
the use of cells of other lineages that have been induced to
express class Il MHC, such as but not limited to, cytokines,
cells that have been subjected to mutagenesis, and the like.
[0051] In addition, “non-human cells” utilized in accor-
dance with the present invention must not only express class
II MHC for that species and be capable of expressing human
class II HLA, but the endogenous class II MHC present in
such cell must also not cross react with antibodies against the
human class II HLA. This allows for high human HLA class
II expression when the antibodies utilized do not cross react
with class II from the species of the non-human cell. In
addition, this prevents cross reaction of sera from the non-
human class II MHC when using the HL A class II expressing
non-human cell as a platform for presenting transfected
human class II HLA.

[0052] The term “non-human cell” as used herein refers to
immortalized non-human cell lines and does not include ani-
mals or primary cells.

[0053] Examples of “non-human cells” that may be utilized
in accordance with the present invention include, but are not
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limited to, mouse DC lines, macrophage lines, and B cell
lines. Specific examples include, but are not limited to,
murine B cell lines such as NS-1, A20 and EL4.

[0054] The non-human cells expressing HLA can be
repeatedly selected for high expression of the HLA protein
put into the cell without interference from other human pro-
teins.

[0055] The non-human cells can be selected for high
expression of the selected HLA protein, and then the HLA
protein can be extracted in large quantities due to high expres-
sion.

[0056] The purification of HL A extracted from non-human
cells will be much less complex and require fewer purification
steps because other competing HLLA/human proteins will not
need to be subtracted or otherwise selected out during the
purification process. Purification of the selected HL A protein
will be simplified.

[0057] The present invention therefore provides a method
of purifying HLA, wherein the method comprises providing a
recombinant vector comprising at least one nucleic acid seg-
ment encoding alpha and beta chains of at least one HLA
molecule (as defined herein above). An immortalized, non-
human cell line is transformed with the recombinant vector to
produce a non-human cell line having at least one function-
ally active, individual HLA trimolecular complex expressed
on a surface thereof, wherein the functionally active, indi-
vidual HLA trimolecular complex comprises alpha and beta
chains having an endogenously loaded peptide displayed in
an antigen binding groove formed by the alpha and beta
chains. The functionally active, individual HLA trimolecular
complex is then purified substantially away from other pro-
teins such that the individual HLA trimolecular complex
maintains the physical, functional and antigenic integrity of a
native HLA trimolecular complex.

[0058] There are many purification methods available for
the separation of macromolecules. To effectively resolve a
crude mixture of substances, it may be necessary to use a
combination of techniques. In most cases, a purification pro-
cedure will involve some chromatographic techniques.
[0059] Affinity chromatography occupies a unique place in
separation technology since it is the only technique which
enables purification of almost any biomolecule on the basis of
its biological function or individual chemical structure. Affin-
ity chromatography makes use of specific binding interac-
tions that occur between molecules. It is a type of adsorption
chromatography in which the molecule to be purified is spe-
cifically and reversibly adsorbed by a complementary binding
substance (ligand) immobilized on an insoluble support (ma-
trix). A single pass through an affinity column can achieve a
1,000-10,000 fold purification of ligand from a crude mix-
ture. It is possible to isolate a compound in a form pure
enough to obtain a single band upon SDS-polyacrylamide gel
electrophoresis. Any component that has an interacting coun-
terpart can be attached to a support and used for affinity
purification.

[0060] Successful separation by affinity chromatography
requires that a biospecific ligand is available and that it can be
covalently attached to a chromatographic bed material called
a matrix. It is important that the biospecific ligand (antibody,
enzyme, receptor protein or other affinity reagent) retains its
specific binding affinity for the substance of interest (antigen,
substrate, or hormone). Methods must also include removing
the bound material in active form with low pH, high pH, or
high salt. The selection of the ligand for affinity chromatog-
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raphy is influenced by two factors. Firstly, the ligand should
exhibit specific and reversible binding affinity for the sub-
stance to be purified. Secondly, it should have chemically
modifiable groups, which allow it to be attached to the matrix
without destroying its binding activity. The ligand should
ideally have an affinity for the binding substance in the range
10-4 to 10-8 M in free solution.

[0061] In affinity chromatography, nonspecific proteins
flow through the column while the specific protein is retained
by the column. The protein is then eluted, and individual
fractions are tested for specific-binding activity and purity.
Several different approaches can be taken to allow efficient
binding of antigens to immunoaffinity columns. Because the
ligand/affinity reagent is not in solution, the time required for
the ligand-matrix/antigen interaction will have different
kinetics than soluble interactions. It will take considerably
longer for equilibrium to be reached than for solution assays.
Therefore, the binding protocol should maximize the degree
of interaction. The recommended method is binding by pass-
ing the antigen solution down an antibody-matrix column,
keeping the antigen in contact with the antibody for as long as
possible. In this case, high-affinity antibodies will be signifi-
cantly more efficient at removing the antigen from solution
than low-affinity antibodies. Several small-scale columns can
be used to determine the best conditions for binding and
collecting the antigen.

[0062] Therefore, the purification step of the methods of the
present invention may comprise affinity chromatography uti-
lizing, for example but not by way of limitation, an antibody
specific for the HLA trimolecular complex, or an anchoring
moiety attached to the HL A trimolecular complex. Examples
of anchoring moieties and chromatography affinity reagents
that may be used in accordance with the present invention
include, but are not limited to, (i) a hisitidine tag, utilized with
affinity reagents such as nickel, copper and/or combinations
thereof; (ii) a biotinylation signal peptide, utilized with affin-
ity reagents such as avidin or streptavidin; and (iii) a VLDLr
tail or FLAG tail, utilized with affinity reagents that recognize
the VLDLror FLAG tails. However, it is to be understood that
the present invention is not limited to the specific combina-
tions of anchoring moieties and chromatography affinity
reagents described above. Rather, any combination of anchor-
ing moiety and chromatography affinity reagent known in the
art may be used in accordance with the present invention and
therefore also fall within the scope thereof.

[0063] The cell surface is the natural environment for HLA,
and using the transfected non-human cell as an HL A platform
will provide the most natural environment for assays that
require or benefit from HLA in its native conformation. The
native conformation of HL A expressed on non-human cells is
especially useful for screening antibodies in serologic assays
because anti-HLA antibodies are especially sensitive to
changes in the native conformation of the HLA protein. The
expression of HLA on non-human cells provides a “confor-
mationally natural platform” for antibody screening assays.

[0064] Therefore, the present invention is also directed to a
method for detecting the presence of anti-HLLA antibodies in
a biological sample. In such method, an HLA platform is
provided; the HLA platform comprises a recombinant, non-
human cell having at least one functionally active, individual
HLA trimolecular complex on a surface thereof, wherein the
non-human cell is from an immortalized, non-human cell line
and contains the necessary machinery and transport proteins
required for expression of MHC proteins on a surface of the
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non-human cell. The individual HLA trimolecular complex
comprises alpha and beta chains having an endogenously
loaded peptide in an antigen binding groove formed by the
alpha and beta chains. A biological sample is also provided
and reacted with the HL A platform, whereby antibodies spe-
cific for the HL A protein will bind to the HLA platform. The
HLA platform is then washed to remove unbound portions of
the biological sample, followed by reacting the HL A platform
with means for detecting anti-HLA antibodies. It is then
determined that anti-HLA antibodies specific for the func-
tionally active, individual HLA trimolecular complex are
present in the biological sample if the means for detecting
anti-HLA antibodies is positive. The means for detecting an
anti-HLA antibody may be a labeled antibody that recognizes
at least one of anti-human IgG, IgM and IgA antibodies.
[0065] Non-human cells expressing HLA can also be uti-
lized for antibody removal assays. Humans with antibodies to
aparticular HL A could have their serum dialyzed, such as but
not limited to, through a hollow fiber bioreactor dialysis
chamber containing non-human cells expressing the desired
HLA. Antibodies to the HLA would be absorbed or removed
from the patient and would therefore no longer be a barrier to
transplantation

[0066] Therefore, the present invention is also directed to
methods of removing anti-HL A antibodies from a biological
sample. In the method, an HL A platform as described above
is provided. A biological sample is also provided and reacted
with the HL A platform, whereby antibodies specific for the
HLA trimolecular complex will bind to the HLA platform and
are thus removed from the biological sample.

[0067] HLA expressing non-human cells could be “fixed”
such that they are no longer alive. In this instance fixed cells
would express HLA in a native conformation at the surface of
the fixed cells. Fixed cells could be immobilized on any
number of platforms (see for example but not by way of
limitation, Stephan et al., 2002), and sera or antibodies could
be tested for their recognition of the fixed and immobilized
cells. Alternatively, HLA expressing non-human cells could
be fixed and tested for antibody reactivity in a liquid phase
assay such as flow cytometry.

[0068] As HLA proteins present peptide ligands that pro-
voke anti-viral, anti-bacterial, autoimmune, anti-transplant
(minor histocompatibility antigens), regulatory, and anti-can-
cer immune responses, individual HLA could be character-
ized for their ability to present cancer related, virus related,
bacterial, and self (autoimmune and regulatory) peptides in
non-human cells. HLA proteins expressed in mice are known
to present peptide antigens as they do in humans (Rohrlich et
al., 2003), and HLA molecules expressed in mice could be
used to discover therapeutic and diagnostic peptide epitopes
for cancer and for bacterial antigens taken into the non-human
cell expressing the human HLA.

[0069] Inotherembodiments ofthe present invention, HLA
trimolecular complexes purified away from the non-human
cells may be utilized. The HLA trimolecular complexes may
be purified as described herein above or by any other methods
known to a person having ordinary skill in the art.

[0070] The present invention also includes a method in
which a substrate is provided, wherein the substrate is
selected from the group consisting of a well, a bead, a mem-
brane, a microtiter plate, a matrix, a pore, plastic, glass, a
polymer, a polysaccharide, nylon, nitrocellulose, a paramag-
netic compound, and combinations thereof. Next, a function-
ally active, individual HLA trimolecular complex purified
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substantially away from other proteins such that the indi-
vidual HLA trimolecular complex maintains the physical,
functional and antigenic integrity of a native HL A trimolecu-
lar complex is provided. The functionally active, individual
HLA trimolecular complex may be purified as described
above or by any other method known in the art. The function-
ally active, individual HLA trimolecular complex comprises
alpha and beta chains with an endogenously loaded peptide
displayed in an antigen binding groove formed by the alpha
and beta chains. the functionally active, individual HLA tri-
molecular complex is then directly or indirectly linked to the
substrate, wherein the conformation of the functionally
active, individual HL A trimolecular complex is maintained
when the functionally active, individual HLA trimolecular
complex is linked to the substrate.

[0071] The functionally active, individual HLA trimolecu-
lar complex may be directly attached to the substrate, or the
HLA trimolecular complex may be indirectly attached to the
substrate via an anchoring moiety selected from the group
consisting of an antibody to the functionally active, individual
HLA trimolecular complex and a tail or tag attached to the
functionally active, individual HLA trimolecular complex.
The tail or tag may be a histidine tag, a biotinylation signal
peptide, a VLDLr tail or a FLAG tail.

[0072] In addition, the method of detecting and/or remov-
ing anti-HLLA antibodies discussed herein above may also be
performed utilizing purified HLA. The present invention also
includes a method for detecting the presence of anti-HLA
antibodies in a biological sample. Such method includes pro-
viding a substrate and a functionally active, individual HLA
trimolecular complex purified substantially away from other
proteins such that the individual HLA trimolecular complex
maintains the physical, functional and antigenic integrity of a
native HLA trimolecular complex. The functionally active,
individual HLA trimolecular complex comprises alpha and
beta chains with an endogenously loaded peptide displayed in
an antigen binding groove formed by the alpha and beta
chains. The functionally active, individual HLA trimolecular
complex is then directly or indirectly linked to the substrate,
wherein the conformation of the functionally active, indi-
vidual HLA trimolecular complex is maintained when the
functionally active, individual HL A trimolecular complex is
linked to the substrate. A biological sample is then reacted
with the substrate having the functionally active, individual
HL A trimolecular complex linked thereto, and the substrate is
washed to remove unbound portions of the biological sample.
The substrate having the functionally active, individual HLA
trimolecular complex linked thereto is then reacted with
means for detecting anti-HL A antibodies, and it is determined
that anti-HLA antibodies specific for the individual HLA
trimolecular complex are present in the biological sample if
the means for detecting anti-HLA antibodies is positive.
[0073] The functionally active, individual HLA trimolecu-
lar complex may be directly attached to the substrate, or the
HLA trimolecular complex may be indirectly attached to the
substrate via an anchoring moiety selected from the group
consisting of an antibody to the functionally active, individual
HLA trimolecular complex and a tail or tag attached to the
functionally active, individual HLA trimolecular complex.
The tail or tag may be a histidine tag, a biotinylation signal
peptide, a VLDLr tail or a FLAG tail.

[0074] The substrate may be a solid support selected from
the group consisting of awell, a bead, a membrane, an ELISA
plate, and a matrix.
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[0075] The present invention also includes a method for
removing anti-HL A antibodies from a biological sample. The
method includes providing a substrate and a functionally
active, individual HLA trimolecular complex purified sub-
stantially away from other proteins such that the individual
HLA trimolecular complex maintains the physical, func-
tional and antigenic integrity of a native HLA trimolecular
complex. The functionally active, individual HLA trimolecu-
lar complex comprises alpha and beta chains with an endog-
enously loaded peptide displayed in an antigen binding
groove formed by the alpha and beta chains. The functionally
active, individual HL A trimolecular complex is then directly
orindirectly linked to the substrate, wherein the conformation
of the functionally active, individual HLA trimolecular com-
plex is maintained when the functionally active, individual
HLA trimolecular complex is linked to the substrate. A bio-
logical sample is then reacted with the substrate having the
functionally active, individual HLA trimolecular complex
linked thereto, whereby antibodies specific for the HLA tri-
molecular complex are removed from the biological sample.
[0076] The functionally active, individual HLA trimolecu-
lar complex may be directly attached to the substrate, or the
HLA trimolecular complex may be indirectly attached to the
substrate via an anchoring moiety selected from the group
consisting of an antibody to the functionally active, individual
HLA trimolecular complex and a tail or tag attached to the
functionally active, individual HLA trimolecular complex.
The tail or tag may be a histidine tag, a biotinylation signal
peptide, a VLDLr tail or a FLAG tail.

[0077] The substrate may be a solid support selected from
the group consisting of a well, a bead, a membrane, an ELISA
plate, and a matrix.

[0078] In conclusion, the expression of human HLA mol-
ecules on non-human cells can be a powerful tool in facilitat-
ing the identification and characterization of serologic anti-
bodies directed towards HLA molecules. Serologic
background reactivity to other human proteins, especially to
other HLA, can be greatly reduced and eliminated. Such
anti-HLA antibodies are naturally occurring in all individuals
and must be identified and characterized prior to allogeneic
grafting, transplantation and the transfer of blood products. In
addition, the lack of human HLLA on non-human cells allows
for the selection of non-human cells expressing high levels of
human HL A. High levels of human HL A facilitate specificity
and sensitivity in downstream diagnostic and therapeutic
applications.

[0079] Examples are provided hereinbelow. However, the
present invention is to be understood to not be limited in its
application to the specific experimentation, results and labo-
ratory procedures. Rather, the Examples are simply provided
as one of various embodiments and are meant to be exem-
plary, not exhaustive.

EXAMPLES
Example 1

Transfection of Class II HLA-DR Molecules on
Mouse NS-1 Cells

[0080] The methods began by transfecting either the HLA-
DR alpha chain (DRA*0101) or the HLA-DR beta chain
(DRB*0101) into NS-1 cells. It was then shown by flow
cytometry that the transfected alpha or beta chain could be
expressed on the cell surface. Once it was known that an alpha
or beta chain could be expressed alone, these alpha and beta
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chains were selected by flow cytometry for high expression.
Next, the corresponding chain was then transfected so that
DRB*0101 and DRA*0101 were expressed together. Flow
cytometry was then utilized to show that the class I alpha and
beta chains were being co-expressed on the surface of NS-1.
It was found that co-expression of a human alpha and beta
chain increased expression logarithmically; the human alpha
and beta chain complement each other to dramatically
increase expression on mouse NS-1 cells. Therefore, it was
shown that HLLA DR alpha and beta chains can be expressed
onmouse cells and that HLA alpha/beta coexpression greatly
enhances HLA class II expression as measured by antibodies
specific for human class 11 molecules.

[0081] Given that the mice cells transfected with human
class II were expressing HLA DR alpha and beta chains, next
it was tested whether these HLA-DR expressing mouse cells
were recognized by human sera specific for particular human
class II molecules. Sera that is specific for HLA-
DRA1*0101/DRB1*0101 was obtained from a clinical labo-
ratory. Using flow cytometry, this DRB1#0101 sera was
tested against mouse cells expressing DRA1*0101/
DRB1¥0101, DRAI1*0101/DRB1%*0401, DRA1*0101/
DRB1#*0801, and DRA1*0101/DRB1*1101. It was found
that the sera for DRB1*0101 stained the DRB1*0101 cells
significantly more than mouse cells expressing DRB1*0401,
DBR1*0801, and DRB1*1101. These data show that the
methods of the present invention express HLA class I pro-
teins on mouse cells, and that this HLA class Il is specifically
recognized by sera for HLA class II. The protein is therefore
antigenically correct, and the mouse cells expressing the
human class II protein may be utilized as a platform for class
1T applications.

Example 2
Expression of Human MHC II on Mouse Cell Line

[0082] Murine cell line NS-1 was first transfected with
DRA1*0101 expressed in the pcDNA3.1/G418 vector (Invit-
rogen). After proper antibiotic selection, transfectants were
identified by flow cytometry using mAb mouse anti-HLA-
DR L243 (BioLegends) F(ab), fragment PE-goat anti-mouse
IgG. High expressers for DRA1 were single cell cloned and
then double transfected with the human MHC II beta chain
expressed in the pcDNA3.1/Zeocin vector (Invitrogen). After
the second antibiotic selection, the transfectants were stained
with mAb mouse anti-HLA-DRB TDR31.1 (ABCAM) and
then with F(ab), fragment PE-goat anti-mouse 1gG, and com-
pared to untransfected NS-1 and to different human cell lines
(FIG. 1).

[0083] Fifteen transfectants have been obtained, all of
which are high expressers of human MHC 11 (FIG. 2).
[0084] The presence of alpha and beta chains as well as the
corroboration of the allele placed in each transfectant was
performed by PCR-allele typing.

[0085] Transfectants expressing human MHC II were also
tested against 4 sera pre-typed DR1 before by the Ochsner
Transplant Center, Histocompatibility & Immunogenetics
Laboratory. The results are shown in FIG. 3, demonstrating
that the transfectants made are specific in being recognized by
specific human antibodies present in the plasma.

Example 3

Selection of High Expression HLA Class 11 HLA-
DR on Mouse NS-1 Cells

[0086] FIG. 4 illustrates analysis of NS-1 transfected with
DRA1*0101.NS-1 cells were analyzed by flow cytometry for
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their expression of DRA1*0101. In column 1, the untrans-
fected NS-1 cells show no DRA1*0101 class Il expression. In
column 2, the initial transfer and expression of DRA1*0101
showed that 22% of the cells were positive. In column three,
after one sort, 42% were positive for DRA1*0101 class 11
expression; 74% were positive after two sorts in column 4,
and 88% were positive after 3 sorts in column five. These data
show that flow cytometry can be utilized to select for the high
expression of the transferred class II molecule.

[0087] FIG. 5 illustrates analysis of NS-1 transfected with
DRB1*0101. NS-1 cells were analyzed by flow cytometry for
their expression of DRB1¥0401/DRA1*0101. In column 1,
the untransfected NS-1 cells show no class II expression. In
column 2, the expression of the previously transfected
DRA1*0101 is used to establish a threshold. As a point of
comparison, class Il alpha/beta/peptide expression on the
human cell line 721.221, known to express plentiful class 11,
is demonstrated in column three. In column four, the initial
transfection of DRB1*0101 into the DRA1*0101 positive
cells results in 18% of the NS-1 cells rising above the
DRA1*0101-only threshold. After one or two sorts (columns
5 and 6, respectively), the alpha/beta class 11 expression rises
to 74% and 77%, respectively. These data show that high
expression of selected HL A class II alpha/beta combinations
can be achieved using the technique described herein.

Example 4

Affinity Purification of HLA Class II from Recombi-
nant, Non-Human Cell Lines

[0088] The Class Il molecules produced in accordance with
the present invention were subjected to affinity purification.
The affinity purification protocol is provided herein below.
[0089] Upon completing a roller-bottle run generating
approximately 10*° cells, cells were washed in PBS followed
by the extraction of HLA class II complexes in MHC lysis
bufter consisting of 1% NP-40 in PBS and a protease inhibitor
cocktail (Sigma). To increase the efficiency of extraction, the
samples were sonicated by applying ten 5-second bursts over
a time period of 30 minutes. After centrifugation of the cell
debris, the crude extract was affinity purified using the DR
class II antibody 1.243 coupled to a Sepharose 4B matrix
(Amersham; Piscataway, N.J.). Extracts were applied to the
column using a peristaltic pump system (Amersham) with a
speed of 1 ml/min at 4° C. After the column was extensively
washed with phosphate-buffered saline (PBS), bound HLA
molecules were eluted with 0.1 M glycine (pH 11.0) and
immediately neutralized by addition of 1 M Tris-HCI, pH 7.0
to preserve the activity of the eluted molecules. Under these
conditions, HLLA molecules were recovered with a 60-70%
yield. Purified molecules were buffer exchanged with PBS at
pH 7.2 and concentrated using 10 kDa cut-off MACROSEP®
centrifugal concentrators (Pall Filtron; Northborough,
Mass.). The final product was filter-sterilized, and stored at 4°
C. until further use.

Example 5

Sandwich ELISA Platform for Sera Screening
Analyses for Detection of Specific Anti-HLA Class
1I Antibodies

[0090] FIG. 6 graphically represents the experimental pro-
cedure for the detection of specific Anti-HLA class II anti-
bodies in human sera, utilizing HLA class II trimolecular
complexes produced in accordance with the present inven-
tion. The presented sandwich ELISA platform uses an anti-
Class Il antibody (1.243), capturing a class II allele of interest
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and presenting it to the test sera. Anti-HL A class Il antibodies
with the sera will specifically bind to those MHC molecules
and can then be detected by an anti-human IgG antibody.
[0091] FIG. 7 demonstrates the typical reactivity patterns
of specific human sera with the Class II molecule
DRB1*0401 (CL-017). Eight human sera containing anti-
class II antibodies with different amounts and specificity
were tested. Results clearly demonstrate as expected, that the
DRB1*0401 molecule only recognizes DR4 sera and none of
the other antibody-species presented by the sera. In addition,
it is also evident that sera 102 has a very high titer and can be
detected up to 100x diluted, whereas the presence of anti-
DR4 in sera 101 and 103 are rather low.

[0092] InFIG. 8, the sera experiments were repeated with
another batch of HLA-DRB1*0401 (CL-018), thereby con-
firming the repeatability and consistency of the HLA mol-
ecule as well the technique applied.

Example 6

Direct Approach ELISA Platform for Sera Screening
Analyses for Detection of Specific Anti-HLA Class
II Antibodies

[0093] As an alternative to the sandwich method, a direct
detection approach can be applied for the detection of specific
Anti-HLA class II antibodies in human sera. This technique is
graphically illustrated in FIG. 9. Experimentally, no captur-
ing antibody is applied rather MHC class II molecules are
directly coated to a plate. After this initial step, the procedure
is identical using an anti-human IgG antibody to detect anti-
HLA class II antibodies in human sera.

[0094] In FIG. 10, the reactivity of directly coated HLA
DRB1*0401 molecules of two different batches were tested
using a positive (DR4) and a negative (DR8) sera. In both
cases, only the positive sera reacted in a titer-dependant man-
ner, whereas the negative sera remained negative. A back-
ground of only 0.1 OD was notated.

[0095] Thus, in accordance with the present invention,
there has been provided a methodology for producing HLA
molecules on non-human cells that fully satisfies the objec-
tives and advantages set forth herein above. Although the
invention has been described in conjunction with the specific
drawings, experimentation, results and language set forth
herein above, it is evident that many alternatives, modifica-
tions, and variations will be apparent to those skilled in the
art. Accordingly, it is intended to embrace all such alterna-
tives, modifications and variations that fall within the spirit
and broad scope of the invention.
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What is claimed is:

1. A composition, comprising:

a recombinant, non-human cell having at least one func-

tionally active, individual HL A trimolecular complex on
a surface thereof, wherein the non-human cell is from an
immortalized, non-human cell line and contains the nec-
essary machinery and transport proteins required for
expression of MHC proteins on a surface of the non-
human cell, and wherein the at least one functionally
active, individual HL A trimolecular complex comprises
alpha and beta chains having an endogenously loaded
peptide displayed in an antigen binding groove formed
by the alpha and beta chains.

2. The composition of claim 1, wherein the HLA trimo-
lecular complex is selected from the group consisting of
HLA-DRA, HLA-DRBI1, HLA-DRB3, HLA-DRB4, HLA-
DRBS5, HLA-DQA, HLA-DQB, HLA-DPA, and HLA-DPB.

3. The composition of claim 1, wherein the non-human cell
expresses endogenous class II MHC trimolecular complexes
on a surface thereof.

4. The composition of claim 3, wherein the endogenous
class II MHC present in the non-human cell does not cross
react with antibodies against class 11 HLA.

5. A method of purifying HL A, wherein the method com-
prises the steps of:

providing a recombinant vector comprising at least one

nucleic acid segment encoding alpha and beta chains of
at least one HLA molecule;
transforming an immortalized, non-human cell line with
the recombinant vector to produce a non-human cell line
having at least one functionally active, individual HLA
trimolecular complex expressed on a surface thereof,
wherein the at least one HLA trimolecular complex
comprises alpha and beta chains having an endog-
enously loaded peptide displayed in an antigen binding
groove formed by the alpha and beta chains; and

purifying the functionally active, individual HLA trimo-
lecular complex substantially away from other proteins
such that the individual HLA trimolecular complex
maintains the physical, functional and antigenic integ-
rity of a native HL A trimolecular complex.

6. The method of claim 5, wherein the HLA molecule is
selected from the group consisting of HLA-DRA, HLA-
DRBI1, HLA-DRB3, HLA-DRB4, HLA-DRBS5, HLA-DQA,
HLA-DQB, HLA-DPA, and HLA-DPB.

7. The method of claim 5 wherein, in the step of transform-
ing an immortalized, non-human cell line, the immortalized,
non-human cell line expresses endogenous class II MHC
trimolecular complexes on a surface thereof.

8. The method of claim 7, wherein the endogenous class 11
MHC present in the immortalized, non-human cell line does
not cross react with antibodies against class II HLA.

9. The method of claim 5, wherein the step of purifying the
HLA trimolecular complex comprises affinity chromatogra-
phy.

10. The method of claim 9, wherein the affinity chroma-
tography utilizes an antibody specific for the HLA trimolecu-
lar complex.

11. The method of claim 9, wherein the HLA trimolecular
complex comprises an anchoring moiety, and wherein at least
one of:
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(a) the anchoring moiety is a histidine tag, and wherein the
affinity chromatography utilizes an affinity reagent
selected from the group consisting of nickel, copper and
combinations thereof;

(b) the anchoring moiety is a biotinylation signal peptide,
and wherein the affinity chromatography utilizes an
affinity reagent selected from avidin or streptavidin; and

(c) the anchoring moiety is a VLDLr or FLAG tail, and
wherein the affinity chromatography utilizes an affinity
reagent that recognizes the VLDLr or FLAG tail.

12. A method for detecting the presence of anti-HLA anti-

bodies in a biological sample, comprising the steps of:

providing an HLA platform comprising a recombinant,
non-human cell having at least one functionally active,
individual HLA trimolecular complex on a surface
thereof, wherein the non-human cell is from an immor-
talized, non-human cell line and contains the necessary
machinery and transport proteins required for expres-
sion of MHC proteins on a surface of the non-human
cell, and wherein the at least one functionally active,
individual HLA trimolecular complex comprises alpha
and beta chains having an endogenously loaded peptide
displayed in an antigen binding groove formed by the
alpha and beta chains;

providing a biological sample;

reacting the biological sample with the HLA platform,
whereby antibodies specific for the HLA protein will
bind to the HLA platform;

washing the HLA platform to remove unbound portions of
the biological sample;

reacting the HL A platform with means for detecting anti-
HLA antibodies; and

determining that anti-HLLA antibodies specific for the func-
tionally active, individual HLA trimolecular complex
are present in the biological sample if the means for
detecting anti-HL A antibodies is positive.

13. The method of claim 12, wherein the HLA trimolecular
complex is selected from the group consisting of HLA-DRA,
HLA-DRBI1, HLA-DRB3, HLA-DRB4, HLA-DRBS, HLA-
DQA, HLA-DQB, HLA-DPA and HLA-DPB.

14. The method of claim 12 wherein, in the step of provid-
ing an HL A platform, the immortalized, non-human cell line
expresses endogenous MHC class 11 trimolecular complexes
on a surface thereof.

15. The method of claim 12 wherein, in the step of provid-
ing a biological sample, the biological sample is selected
from the group consisting of serum, tissue, blood, cerebrospi-
nal fluid, tears, saliva, lymph, dialysis fluid, organ or tissue
culture derived fluids, fluids extracted from physiological
tissues, and combinations thereof.

16. A method for removing anti-HLA antibodies from a
biological sample, comprising the steps of:

providing an HLA platform comprising a recombinant,
non-human cell having at least one functionally active,
individual HLA trimolecular complex on a surface
thereof, wherein the non-human cell is from an immor-
talized, non-human cell line and contains the necessary
machinery and transport proteins required for expres-
sion of MHC proteins on a surface of the non-human
cell, and wherein the at least one functionally active,
individual HLA trimolecular complex comprises alpha
and beta chains having an endogenously loaded peptide
displayed in an antigen binding groove formed by the
alpha and beta chains;
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providing a biological sample; and

reacting the biological sample with the HLA platform,
whereby antibodies specific for the HLA trimolecular
complex are removed from the biological sample.
17. The method of claim 16, wherein the HL A trimolecular
complex is selected from the group consisting of HLA-DRA,
HLA-DRBI, HLA-DRB3, HLA-DRB4, HLA-DRBS5, HLA-
DQA, HLA-DQB, HLA-DPA, and HLA-DPB.
18. The method of claim 16 wherein, in the step of provid-
ing an HLA platform, the immortalized, non-human cell line
expresses endogenous MHC class II trimolecular complexes
on a surface thereof.
19. The method of claim 16 wherein, in the step of provid-
ing a biological sample, the biological sample is selected
from the group consisting of serum, tissue, blood, cerebrospi-
nal fluid, tears, saliva, lymph, dialysis fluid, organ or tissue
culture derived fluids, fluids extracted from physiological
tissues, and combinations thereof.
20. A method, comprising the steps of:
providing a substrate selected from the group consisting of
a well, a bead, a membrane, a microtiter plate, a matrix,
apore, plastic, glass, a polymer, a polysaccharide, nylon,
nitrocellulose, a paramagnetic compound, and combi-
nations thereof;
providing a functionally active, individual HL A trimolecu-
lar complex purified substantially away from other pro-
teins such that the individual HL A trimolecular complex
maintains the physical, functional and antigenic integ-
rity of a native HLA trimolecular complex, wherein the
functionally active, individual HLA trimolecular com-
plex comprises alpha and beta chains with an endog-
enously loaded peptide displayed in an antigen binding
groove formed by the alpha and beta chains; and

directly or indirectly linking the functionally active, indi-
vidual HLA trimolecular complex to the substrate,
wherein the conformation of the functionally active,
individual HLA trimolecular complex is maintained
when the functionally active, individual HLA trimolecu-
lar complex is linked to the substrate.

21. The method of claim 20, wherein the HL A trimolecular
complex is selected from the group consisting of HLA-DRA,
HLA-DRBI, HLA-DRB3, HLA-DRB4, HLA-DRBS5, HLA-
DQA, HLA-DQB, HLA-DA, and HLA-DPB.

22. The method of claim 20, wherein the functionally
active, individual HLA trimolecular complex is indirectly
attached to the substrate via an anchoring moiety selected
from the group consisting of an antibody to the functionally
active, individual HLA trimolecular complex and a tail or tag
attached to the functionally active, individual HLA trimo-
lecular complex.

23. The method of claim 22, wherein the tail or tag is a
histidine tag, a biotinylation signal peptide, a VLDLr tail or a
FLAG tail.

24. A method for detecting the presence of anti-HL A anti-
bodies in a biological sample, comprising the steps of:

providing a substrate;

providing a functionally active, individual HLA trimolecu-

lar complex purified substantially away from other pro-
teins such that the individual HL A trimolecular complex
maintains the physical, functional and antigenic integ-
rity of a native HLA trimolecular complex, wherein the
functionally active, individual HLA trimolecular com-
plex comprises alpha and beta chains with an endog-
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enously loaded peptide displayed in an antigen binding
groove formed by the alpha and beta chains; and

directly or indirectly linking the functionally active, indi-
vidual HLA trimolecular complex to the substrate,
wherein the conformation of the functionally active,
individual HLA trimolecular complex is maintained
when the functionally active, individual HL A trimolecu-
lar complex is linked to the substrate;

providing a biological sample;

reacting the biological sample with the substrate having the

functionally active, individual HLA trimolecular com-
plex linked thereto;

washing the substrate to remove unbound portions of the

biological sample;
reacting the substrate having the functionally active, indi-
vidual HLA trimolecular complex linked thereto with
means for detecting anti-HL A antibodies; and

determining that anti-HL A antibodies specific for the indi-
vidual HLA trimolecular complex are present in the
biological sample if the means for detecting anti-HLA
antibodies is positive.

25. The method of claim 24, wherein the HL A trimolecular
complex is selected from the group consisting of HLA-DRA,
HLA-DRBI1, HLA-DRB3, HLA-DRB4, HLA-DRBS, HLA-
DQA, HLA-DQB, HLA-DPA and HLA-DPB.

26. The method of claim 24 wherein, in the step of provid-
ing a biological sample, the biological sample is selected
from the group consisting of serum, tissue, blood, cerebrospi-
nal fluid, tears, saliva, lymph, dialysis fluid, organ or tissue
culture derived fluids, fluids extracted from physiological
tissues, and combinations thereof.

27. The method of claim 24, wherein the functionally
active, individual HLA trimolecular complex is indirectly
attached to the substrate via an anchoring moiety selected
from the group consisting of an antibody to the functionally
active, individual HL A trimolecular complex and a tail or tag
attached to the functionally active, individual HLA trimo-
lecular complex.

28. The method of claim 27, wherein the tail or tag is a
histidine tag, a biotinylation signal peptide, a VLDLr tail or a
FLAG tail.

29. The method of claim 24 wherein, in the step of provid-
ing a substrate, the substrate is a solid support selected from
the group consisting of awell, a bead, a membrane, an ELISA
plate, and a matrix.

30. A method for removing anti-HLA antibodies from a
biological sample, comprising the steps of:
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providing a substrate;

providing a functionally active, individual HL A trimolecu-
lar complex purified substantially away from other pro-
teins such that the individual HL A trimolecular complex
maintains the physical, functional and antigenic integ-
rity of a native HL A trimolecular complex, wherein the
functionally active, individual HLA trimolecular com-
plex comprises alpha and beta chains with an endog-
enously loaded peptide displayed in an antigen binding
groove formed by the alpha and beta chains; and

directly or indirectly linking the functionally active, indi-
vidual HLA trimolecular complex to the substrate,
wherein the conformation of the functionally active,
individual HLA trimolecular complex is maintained
when the functionally active, individual HLA trimolecu-
lar complex is linked to the substrate;

providing a biological sample; and

reacting the biological sample with the substrate having the

functionally active, individual HLA trimolecular com-
plex linked thereto, whereby antibodies specific for the
HLA trimolecular complex are removed from the bio-
logical sample.

31. The method of claim 30, wherein the HL A trimolecular
complex is selected from the group consisting of HLA-DRA,
HLA-DRBI, HLA-DRB3, HLA-DRB4, HLA-DRBS5, HLA-
DQA, HLA-DQB, HLA-DPA, and HLA-DPB.

32. The method of claim 30 wherein, in the step of provid-
ing a biological sample, the biological sample is selected
from the group consisting of serum, tissue, blood, cerebrospi-
nal fluid, tears, saliva, lymph, dialysis fluid, organ or tissue
culture derived fluids, fluids extracted from physiological
tissues, and combinations thereof.

33. The method of claim 30, wherein the functionally
active, individual HLA trimolecular complex is indirectly
attached to the substrate via an anchoring moiety selected
from the group consisting of an antibody to the functionally
active, individual HLA trimolecular complex and a tail or tag
attached to the functionally active, individual HLA trimo-
lecular complex.

34. The method of claim 33, wherein the tail or tag is a
histidine tag, a biotinylation signal peptide, a VLDLr tail or a
FLAG tail.

35. The method of claim 30 wherein, in the step of provid-
ing a substrate, the substrate is a solid support selected from
the group consisting of a well, a bead, a membrane, an ELISA
plate, and a matrix.
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