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METHODS OF IDENTIFYING HIT-ANTIBODIES AND PF4 ANTAGONISTS AND
CELL LINES FOR USE THEREIN
This invention was made with government support under Grant Nos.
5R01HL078726-04 and 3RO1HL078726-04-S1 awarded by the National Institutes of

Health. The government has certain rights in the invention.

BACKGROUND OF THE INVENTION

Heparin-induced thrombocytopenia (HIT) and thrombosis (HITT) are serious
complications of heparin therapy. HIT occurs in approximately 1% of patients exposed
to therapeutic doses of unfractionated heparin for 5-10 days. HITT is a severe
prothrombotic disease, with affected individuals having a20-50% risk of developing
new thromboembolic events, and has amortality rate of about 20% with an additional
about 10% of patients requiring amputations or suffering other major morbidity. Since a
large number of hospitalized patients are exposed to heparin, HITT is amajor iatrogenic
cause of morbidity and mortality in this patient population. N o specific therapies to treat
HITT arereported. Management consists of general measures such as withdrawal of
heparin, use of anon-heparin anticoagulant, and supportive care.

PF4 isa70 amino acid, lysine-rich 7.8 kDa platel et-specific protein that belongs
to the CXC (or beta) chemokine subfamily. PF4 is synthesized by megakaryocytes and
comprises 2-3% of the total released protein in mature platelets. PF4 exists as atetramer
in the a-granules of platelets and is secreted in high concentrations when platelets are
activated. PF4 tetramer binds avidly to glycosaminoglycans (GAGs), but only afew
high affinity protein receptors have been identified to date. The interaction of PF4 with
GAGs is central tothe pathogenesis of heparin induced thrombocytopenia aswell as
thrombosis.

Rauova, "Ultralarge Complexes of PF4 and heparin are central to the
pathogenesis of heparin-induced thrombocytopenia’, Blood, 105(1): 131 (January 1,
2005), which is hereby incorporated by reference, found that heparin:PF4 complexes
exist in adynamic equilibrium and that ultra large complexes (ULCs) are subject to

dissociation under certain conditions.
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Reilly, "Prothrombotic factors enhance heparin-induced thrombocytopenia and
thrombosis in vivo in amouse model", J. Thrombosis and Haemostatis, 4:2687-2694
(2006) (Reilly 1) and Reilly, "Heparin-induced thrombocytopenia/thrombosis in a
transgenic mouse model requires human platelet factor 4 and platelet activation through
FcyRIIA", Blood, 98(8):2442-2447 (October 15, 2001) (Reilly 11), which are hereby
incorporated herein by reference, discussed that the clinical manifestations of HITT are
caused by antibodies that recognize a complex composed of heparin and PF4. The
transgenic mouse model of HITT conclusively demonstrated that heparin, PF4,
antiheparin/PF4 antibody, and platelet FcyRIlaare necessary and sufficient to
recapitulate the salient features of HITT in mice.

While HIT and HITT remain amajor problem associated with heparin treatment,
there is an absence of arobust clinical agorithm to include or to exclude their diagnoses.
Furthermore the hazard associated with continuing heparin in apatient with HIT; the risk
of hemorrhage in apatient with post-operative thrombocytopenia erroneously diagnosed
with HIT when given a direct thrombin inhibitor; the high false positive rate of currently
formulated ELISAS; and limitations in current functional assays, all convergeto
highlight the need for anew, rapid, reliable, portable assay to measure antibodies likely
to cause disease amidst afar larger number that do not activate cells and have alow

probability of being pathogenic.

SUMMARY OF THE INVENTION

In one aspect, the invention provides a method for identifying antibodies or
fragments thereof that activate heparin-induced thrombocytopenia (HIT). The method
includes contacting ahematopoietic cell or cell linethat comprises, in operative
association, the platelet receptor FcyRIIA under the control of a suitable promoter, and a
reporter construct comprising areporter gene under the control of apromoter and
transcription factor, which transcription factor is regulated downstream of the signaling
cascade of activated FcyRIIA, with atest sample from amammalian subject; aplatelet
factor 4 (PF4), awild-type or variant of PF4 or afragment thereof; and heparin or a
heparin-like molecule or aheparnoid molecule. The level of reporter gene expression is

then detected or measured.
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In another aspect, a method for screening molecules and compounds is provided.
The method includes culturing ahematopoietic cell or cell linethat comprises, in
operative association, the platelet receptor FcyRIIA under the control of a suitable
promoter and areporter construct comprising areporter gene under the control of a
promoter and transcription factor, which is regulated downstream of the signaling
cascade of activated FcyRIIA, with atest molecule, aplatelet factor 4 (PF4), awild-type
or variant of PF4 or afragment thereof; aheparin or aheparin-like molecule or a
heparnoid molecule; and an FcyRIIA-activating antibody or fragment thereof. The level
of reporter gene expression is then detected or measured.

In yet another aspect, a stable hematopoietic cell line is provided. The cell line
comprises, in operative association, the platelet receptor FcyRIIA under the control of a
suitable promoter and areporter construct comprising areporter gene under the control
of apromoter and transcription factor, which is regulated downstream of the signaling
cascade of activated FcyRIIA.

In another aspect, a method of assessing the risk of amammalian subject for
developing HIT isprovided. The method comprises screening the subject's blood
sample for the presence or absence of antibodies that cause HIT by utilizing one or more
of the novel methods provided herein.

In yet another aspect, amethod for monitoring a patient receiving heparin for the
development of antibodies that cause HIT is provided. The method comprises screening
the subject's blood sample a intervals before, during and after heparin therapy for the
presence of antibodies that cause HIT by utilizing one or more of the novel methods
provided herein.

In another aspect, an assay kit is provided. The assay kit comprises one or more
of the following: ahematopoietic cell or cell linethat comprises, in operative association,
the platelet receptor FcyRIIA under the control of a suitable promoter and areporter
construct comprising areporter gene under the control of apromoter and transcription
factor, which is regulated downstream of the signaling cascade of activated FcyRIIA;
suitable aliquot of platelet factor 4 (PF4), wild-type or variant of PF4 or afragment
thereof, or apanel of PF4s; a suitable aliquot of heparin or aheparin-like molecule or a
heparnoid molecule or apanel of anionic anticoagulants; reagents for the detection of

reporter gene expression; a positive control reference; anegative control reference; and
3
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suitable collection apparatus for atest sample from a mammalian subject or atest
molecule.
Other aspects and advantages of the invention will bereadily apparent from the

following detailed description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A-1F demonstrate FcyRIIA-mediated activation of cells and inhibition by
PF4 antagonists. (A) Activation of DT 40 cells transfected with FcyRIIA and aLuc
reporter. Basal condition is abuffer only control; Hep is heparin; 1V.3 isthe anti-
FcyRIIA monoclonal antibody in the presence of anti-lgG antibody; RTO is an anti-P4
antibody; KKO is an anti-human PF4-heparin complex antibody. (B) Dose-response of
DT40 activation by heparin inthe presence of constant amounts of PF4. (C) Dose-
response of antagonists for inhibition of DT40 activation. Data are the mean + SEM of at
least three independent experiments performed intriplicate. Curves in panel C represent
fit of datatothe indirect Hill equation. Closed circle data points are compound 1;
inverted solid triangle data points are compound 17; open triangle data points are
compound 80; open circle data points are compound 101; open diamond data points are
compound 35. (D) Inhibition of DT40 activation by plasma obtained from three HIT
patients. Both antagonists completely inhibited activation by KKO and patient samples a
aconcentration of 500 uM . Data represent the mean £ SEM of at least two independent
experiments performed in triplicate. The middle bars with squares represent 100 uM
compound 1. The right side bars with bricks represent 100 pM compound 101. (E)
Activation of platelets as measured by release of ¥C-5HT. Data are representative of a
least two experiments. Antagonists were present at a concentration of 2.5 mM. (F) Asin
panel E except that activation was by plasma from patients with HIT and severa
antagonist concentrations were measured. Open circle data points represent compound
1. Open square data points represent compound 101.

Figs. 2A-2D represent results from HIT-negative and HIT -positive subjects for
the polyspecific ELISA, 1gG-specific ELISA, KKO-I, and DT40-luc (panels A-D,
respectively). Solid horizontal lines represent mean values. Dashed horizontal lines

represent the cut-off associated with the most northwest point on the receiver operating
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characteristic curve (i.e. the cut-off a which sensitivity and specificity are optimized) for
each assay.

Fig. 3 shows ROC curves for the polyspecific ELISA, 1gG-specific ELISA,
KKO-I, and DT40-luc. The AUCs for these assays were 0.82, 0.76, 0.93, and 0.89,
respectively. The AUC for KKO-1 was significantly greater than the AUC for the
polyspecific (p=0.020) and 1gG-specific ELISA (p=0.0044). The AUC for DT40-luc was
significantly greater than the AUC for the 1gG-specific (p=0.046), but not the
polyspecific ELISA (p=0.28).

DETAILED DESCRIPTION OF THE INVENTION

A robust and reproducible new assay is provided to determine whether HIT-
activating antibodies are present or absent in asample. In addition, an assay is provided
to measure inhibition of FcyRITA-mediated cell activation caused by antibodies from
patients with heparin-induced thrombocytopenia (HIT) in the presence of PF4 and
heparin for the purposes of assessing the effect of PF4 antagonists.

HIT antibodies bound to PF4 on the surface of platelets initiate cellular activation
by engaging FcyRIIA (Kelton et al, 1988 Blood, 72(3):925-930; Reilly et al, 2001,
Blood, 98(8):2442-2447). However, few laboratories have the capacity to reliably work
with platelets and provide clinically useful information in aclinically relevant timeframe.

The assay described herein has several advantages over functional assays
currently used to assess HIT antibodies, i.e., the serotonin assay and the heparin-induced
platelet activation assay. First, few laboratories have sufficient experience working with
platelets and sufficient volume to maintain a functioning laboratory capable of providing
clinically validated results to clinicians in real-time. In contrast, many labs have the
capability of growing cells in culture. Second, many laboratories are prohibited from
using the radioactivity required for the serotonin release assay. Third, inter-laboratory
criteria for positive results and inter-laboratory agreement on test outcomes using the
serotonin and platelet assays are poor. Thisisin part because platelets are both readily
activated and inactivated during phlebotomy, washing and test performance. Fourth, the
read out of platelet assays, aggregation or secretion, is athreshold rather than alinear

response to activation and varies among donors.
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In contrast, the assay provided herein involves transfecting the FcyRIIA receptor
and an NFAT-Luc reporter using plasmids pEF6-FcyRI1A and pEF6-NFAT-Luc-
luciferase reporter under control of the IL-2 promoter into mouse DT40 cells. The new
assay provides an invariant source of cell type and alinear read-out that can be compared
with other serologic or clinical outcomes, which is likely to be highly reproducible
across laboratories and does not involve the use of radioactivity or fresh human platelets.
Furthermore, the cell lines provided herein improve reliability for clinical purposes, and
facilitate research across laboratories around the world.

Here, the inventors have shown that these cells are activated by the HIT-like
monoclonal antibody KK O, aswell as by antibodies from several patients with HIT,
when PF4 and heparin are present and that activation isvia FcyRIIA. Activation of
DT40 cells follows the expected bell-shaped dose-response curve of heparin that
characterizes the binding of HIT antibody to cells, formation of ultralarge PF4-heparin
complexes in solution and platelet activation. This assay is thereby useful in measuring
the inhibitory capacity of PF4 antagonists (and PF4 antagonist candidates) on FcyRIIA-

dependent cellular activation.

l. Definitions

Theterm "ULC", asused herein, refersto ultralarge complexes of heparin and
PF4, which are the most pathogenic complexes of these components. Heparin:PF4
complexes smaller than 600 kDa are typicaly referred to as small complexes (SC).
PF4:heparin ULCs are more pathogenic than heparin:PF4 SCs. Heparin:PF4 ULCs are
better recognized by HITT antibodies and lead to more platelet activation in the presence
of these antibodies. 1n one embodiment, ULCs are 600 kDa or larger. 1n another
embodiment, ULCs are 670 kDa or larger. It has been determined that compounds
which prevent formation of or disrupt the PF4 tetramer or ULC containing the same, i.e,,
antagonists, are useful in treating and/or preventing diseases related to the same. Such
conditions include HITT since heparin:PF4 complexes are central to the pathophysiology
of HITT asthe targets of the pathogenic antibodies.

The term "PF4" as used herein refers to platelet factor 4 which isa70 amino acid,
lysine-rich, 7.8 kDa platelet-specific protein that belongs to the CXC (or beta)

chemokine subfamily, in which the first two of the four conserved cysteine residues are
6
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separated by one amino acid residue. The PF4 may be derived from any species that
natively expresses the protein. In one embodiment, PF4 is naturally occurring, i.e., wild-
type. In another embodiment, PF4 may be synthesized by recombinant or chemical
methods. In another embodiment, PF4 aso refers to variants or mutants thereof in which
one or more of the amino acids is replaced with adifferent amino acid. Examples of PF4
mutations are described in International Patent Publication No. WO 02/006300, which is
incorporated herein by reference. In one example, the mutated PF4 contains Arg28
and/or Glus50 mutations. In addition, fragments of PF4 including functional fragments
are aso encompassed by the term. In one embodiment, the PF4 is human PF4.

The term "antagonist" as used herein refers to any chemical compounds which
are capable of binding to a PF4 tetramer, dimer or monomer. By doing so, the
compound is thereby capable of preventing formation of or disrupting ULCs formed
between the PF4 tetramer. Specifically, ULCs formed between glycosaminoglycans
(GAG) and PF4 tetramers are responsible for the onset or development of individuals at
risk for certain diseases or medical conditions. Therefore, desirable compounds are
those which disrupt or prevent the formation of the PF4 tetramer and ULCs formed
therewith. By doing so, the antagonist compound prevents formation of, or disrupts,
ULCs.

The term "heparin” asused herein refers to aheparin or apreparation derived
there from, and thus includes unfractionated heparin, low molecular weight heparin
(LMWH), ultra-low molecular weight heparin (ULMWH) and the like. 1n addition
heparin-like molecules and heparinoid molecules are encompassed by the term. Heparin
may be derived from any mammalian animal that produces the molecule. 1n one
embodiment, the heparin is derived from apig. In another embodiment, the heparin is
derived from acow. In another embodiment, heparin is derived from ahuman. In
another embodiment, the heparin is synthetic.

The term "antibody", asused herein, refers to any naturally occurring or synthetic
antibody or fragment thereof. Antibodies used in the methods of the invention include

monoclonal antibodies, polyclonal antibodies, antibody fragments (e.g., Fab, and F(ab),)

and recombinantly produced binding partners. Polyclonal antibodies may be readily

generated by one of ordinary skill in the art from avariety of warm-blooded animals



WO 2013/142330 PCT/US2013/032100

10

15

20

25

30

such as horses, cows, various fowl, rabbits, mice, or rats. Monoclona antibodies may

also bereadily generated using conventional techniques.

. Cells and Cell Lines

In one aspect, the invention provides a hematopoietic cell or cell line. The cell or
cell line comprises, in operative association, the platelet receptor FcyRIIA under the
control of a suitable promoter and areporter construct comprising areporter gene under
the control of apromoter and transcription factor, which is regulated downstream of the
signaling cascade of activated FcyRIIA.

Asused herein, the term "hematopoietic cell" or "cell line" refersto any cell, cell
type or cell line derived from bone marrow, and T cells. 1n one embodiment, the
hematopoietic cell or cell line may be myeloid cells including platelets, neutrophils,
monocytes and macrophages, eosinophils, basophils, or mast cells or lymphoid cells
including B cells, T cells, or NK-cells. Further, the hematopoietic cell or cell line may
be derived from any mammalian animal or bird. In one embodiment, the cell lineis
derived from ahuman, chicken, mouse, pig, hon-human primate, dog, cat, rat, hamster,
bovine, ovine or bird. In one embodiment, the hematopoietic cell is aB lineage cell or
cell line. 1n another embodiment, the hematopoietic cell isaT lineage cell or cell line.
In yet another embodiment, the hematopoietic cell is achicken DT-40 B cell. In another
embodiment, the hematopoietic cell isahuman Jurkat T cell line. 1n another
embodiment, the hematopoietic cell is arat RBL-2H3 mast cells.

Antibodies to the PF4/heparin complex have been shown to activate human
platelets in vitro viathe platelet Fc receptor (FcR) for immunoglobulin (1g)-G, FcyRIIA.
FcyRII (also called CD32) is 240,000 Dareceptor for the Fc region of Immunoglobulin
G (1gG). CD32 is encoded by three genes, A, B, and C, and is expressed as 6 protein
isoforms, Hal, 11a2, Ilbl, I1b2, I1b3 and lie. The lla isoform is expressed on platelets,
granulocytes and weakly on B cells. All isoforms are expressed on
monocytes/macrophages. The sequence of FcyRIIA isreadily available, eg., see
I.M.A.G.E. gene symbol FCGR2A, Unigene ID: Hs.352642, which is incorporated by
reference herein. Asused herein, the term "IV.3" refers to the mouse monoclonal
antibody V.3 which binds to CD32 (FcyRII) on human cells. In another embodiment,

V.3 refersto the 1.3 antibody in combination with an anti-Fc antibody to activate
8
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FcyRIIA bound by 1V.3. Antibody 1V.3 is commercially available or may be readily
produced using methods well known inthe art. The FcyRIIA sequence may be derived
from any mammalian animal which natively expresses the protein including, but not
limited to, human, mouse, bovine, porcine, rat, or non-human primate. In one
embodiment, the FcyRIIA sequence is ahuman sequence.

The platelet receptor FcyRIIA and the transcription factor/reporter construct
utilized in the assay are regulated by suitable promoters. A number of expression control
sequences, including promoters which are native, constitutive, inducible and/or tissue-
specific, are known in the art and may beutilized. Promoters which may be used
include, but are not limited to, the long terminal repeat, the SV40 early promoter region,
the CMV promoter, the M-MuLV 5'-terminal repeat, the promoter contained in the 3'
long terminal repeat of Rous sarcoma virus, the herpes thymidine kinase promoter, the
regulatory sequences of the metallothionine gene; prokaryotic expression vectors such as
the B-lactamase promoter, or the tac promoter; or promoter elements from yeast or other
fungi such asthe Gal 4 promoter, the ADH (alcohol dehydrogenase) promoter, PGK
(phosphoglyceral kinase) promoter, alkaline phosphatase promoter. In one embodiment,
the promoter may bethe EF1, CMV, FerL, or IL-2 promoter. In another embodiment,
the FcyRIIA coding sequence is under the control of the human EF-la promoter.

In one embodiment, the transcription factor/reporter construct comprises a
reporter gene under the control of a composite promoter comprising the nuclear factor of
activated T-cells (NFAT)-AP-l sites from the IL-2 promoter. NFAT is ageneral name
applied to afamily of transcription factors shown to be important in immune response.
The NFAT reporter contains three copies of acomposite NFAT-activator protein- 1 (AP-
1) element from the human interleukin-2 (IL-2) gene promoter, and is maximally
activated by combined Ca’* elevation and RAS/mitogen-activated protein kinase
(MAPK) signaling, which activate NFAT and AP-1, respectively. Both Ca* and map
kinase (MAPK) are generated by the signaling cascade of activated FcyRIIA. NFAT-
reporter assays are well known in the art and are commercialy available, from, e.g.,
SABioscience and Addgene. See, Tomlinson et al, J Thromb Haemost 2007; 5: 2274-83
which isincorporated by reference herein. In one embodiment, NFAT is selected from
NFATcl, NFATc2, NFATc3, and NFATc4, al of which are regulated by ca*.
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The reporter gene sequence may be selected based on the desired assay format.
Such reporter sequences include, without limitation, DNA sequences encoding (-
lactamase, B-galactosidase (LacZ), akaline phosphatase, thymidine kinase, green
fluorescent protein (GFP), red fluorescent protein (RFP), chloramphenicol
acetyltransferase (CAT), luciferase, membrane bound proteins including, for example,
CD2, CD4, CD8, the influenza hemagglutinin protein, and others well known in the art,
to which high affinity antibodies directed thereto exist or can be produced by
conventional means, and fusion proteins comprising a membrane bound protein
appropriately fused to an antigen tag domain from, among others, hemagglutinin or Myc.
These coding sequences, when associated with regulatory elements which drive their
expression, provide signals detectable by conventional means, including enzymatic,
radiographic, colorimetric, fluorescence or other spectrographic assays, fluorescent
activating cell sorting assays and immunological assays, including enzyme linked
immunosorbent assay (ELISA), radiocimmunoassay (RIA) and immunohistochemistry.
For example, where the marker sequence isthe LacZ gene, the presence of the vector
carrying the signal is detected by assays for beta-galactosidase activity. Where the
transgene is GFP or luciferase, the vector carrying the signal may be measured visually
by color or light production in aluminometer. In one embodiment, the reporter gene is
luciferase.

The hematopoietic cells of the invention may be prepared using conventional
techniques which are well known in the art. See, e.g., Example 1and Sambrook et a,
Molecular Cloning: A laboratory manual, 39 Ed., Cold Spring Harbor Press, 2001 which
isincorporated by reference herein. In one embodiment, the hematopoietic cell is co-
transfected with afirst plasmid expressing FcyRIIA under the control of a suitable
promoter, and a second plasmid carrying the reporter construct. In another embodiment,
the hematopoietic cell or cell lineis atransiently transfected cell containing the two
plasmids. In another embodiment, hematopoietic cell or cell line is a stable cell lineg, i.e.,
the FcyRIIA construct and reporter construct have been integrated into the host cell's
genome. Stable cell lines can readily be created by those of skill in the art in any desired
hematopoietic cell line, as described above, using readily available protocols and

techniques. See, e.g., Example 5below and Teixeira et al, Journal of Biotechnology 88

10
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(2001) 159-165 and Sambrook et al, cited above, which are incorporated by reference

herein.

. Methods

A. ldentifying HIT-inducing Antibodies

In another aspect, the invention provides a method for identifying antibodies or
fragments thereof that activate HIT. In one embodiment, the method comprises
contacting ahematopoietic cell or cell line, discussed above, with atest sample from a
mammalian subject, aplatelet factor 4 (PF4), and heparin or aheparin-like molecule or a
heparinoid molecule; and detecting or measuring the level of reporter gene expression.
The hematopoietic cell or cell line comprises, in operative association, the platelet
receptor FcyRIIA under the control of a suitable promoter, and areporter construct
comprising areporter gene under the control of apromoter and transcription factor,
which transcription factor is regulated by products downstream of the signaling cascade
of activated FcyRIIA. In one embodiment, the cell or cell lineis any of the cells or cell
lines described above.

Without wishing to be bound by theory the inventors hypothesized that, in the
presence of an HIT-activating antibody, the antibody and PF4-heparin ULC bind to, and
activate FcyRIIA. The resulting signaling cascade generates products, i.e., Ca’* and
MAP kinase, which bind NFAT and AP-1, respectively, activating the promoter of the
reporter construct, producing an increase in reporter gene expression. In the absence of
an HIT-activating antibody, no increase in reporter gene expression is seen. Thus, in one
embodiment, when the test sample contains an HIT-activating antibody or fragment, the
antibody and PF4-heparin complexes in contact with the cell or cell line activate
FcyRIIA and its signaling cascade resulting in increase in reporter gene expression. In
another embodiment, when the test sample does not contain an HIT-activating antibody
or fragment, FcyRIIA and its signaling cascade are not activated, and no increase in
reporter gene expression occurs. Under this paradigm, the assay provides a method of
diagnosing HIT in a subject.

In one embodiment, the subject providing the test sample is amammalian
subject. The mammalian subject may be ahuman or any domestic, laboratory or farm

animal. In one embodiment, the term mammalian subject includes human, mouse, pig,
11
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horse, cat, non-human primate, dog, rat, hamster, goat, bovine or ovine. In apreferred
embodiment, the mammalian subject is a human.

The test sample may be any biological sample derived from the test subject. In
one embodiment, the sample is any biological sample which may contain antibodies or
fragments thereof. 1n one embodiment, the test sample is blood, plasma, serum, cell
eluate, or arecombinant protein. In another embodiment, the test sample is saliva,
cerebral spina fluid, pleural fluid, milk, lymph, sputum, semen, urine, stool, tears, needle
aspirates, tissue, or tumor or organ section.

In one embodiment, the reporter gene expression in the cells containing the test
sample or test molecule is compared to areference. In one embodiment, the reference is
abasal level of reporter expression generated by the cells in the absence of an HIT-
activating antibody or in the presence of anegative control or antibody that does not
activate FcyRIIA in the cells. In one embodiment, the negative control is the RTO (anti-
P4) antibody. In another embodiment, the negative control is human plasma from a
subject without HIT. In another embodiment, the negative control is anon-antigenic PF4
that cannot form ultra large complexes with heparin. In another embodiment the
negative control is an anti-coagulant that does not form ultra large complexes with PF4.
In one embodiment, areporter gene expression level of about 1.2 fold of the basal level
indicates a positive test or diagnosis of HIT in the subject. In one embodiment, a
reporter gene expression level of about 1.3 fold of the basal level indicates a positive test
or diagnosis of HIT in the subject. In one embodiment, areporter gene expression level
of about 1.4 fold of the basal level indicates apositive test or diagnosis of HIT in the
subject. In one embodiment, areporter gene expression level of about 1.5 fold of the
basal level indicates apositive test or diagnosis of HIT in the subject. In one
embodiment, areporter gene expression level of about 1.6 fold of the basal level
indicates a positive test or diagnosis of HIT in the subject. In one embodiment, a
reporter gene expression level of about 1.7 fold of the basal level indicates a positive test
or diagnosis of HIT in the subject. In one embodiment, areporter gene expression level
of about 1.8 fold of the basal level indicates apositive test or diagnosis of HIT in the
subject. In one embodiment, areporter gene expression level of about 1.9 fold of the
basal level indicates apositive test or diagnosis of HIT in the subject. In one

embodiment, areporter gene expression level of about 2.0 fold of the basal level
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indicates a positive test or diagnosis of HIT in the subject. In one embodiment, a
reporter gene expression level of about 2.1 fold of the basal level indicates a positive test
or diagnosis of HIT in the subject. In one embodiment, areporter gene expression level
of about 2.2 fold of the basal level indicates apositive test or diagnosis of HIT in the
subject. 1n one embodiment, areporter gene expression level of about 2.3 fold of the
basal level indicates apositive test or diagnosis of HIT in the subject. In one
embodiment, areporter gene expression level of about 2.4 fold of the basal level
indicates a positive test or diagnosis of HIT in the subject. In one embodiment, a
reporter gene expression level of about 2.5 fold of the basal level indicates a positive test
or diagnosis of HIT in the subject. In one embodiment, areporter gene expression level
of about 2.6 fold of the basal level indicates apositive test or diagnosis of HIT in the
subject. 1n one embodiment, areporter gene expression level of about 2.7 fold of the
basal level indicates apositive test or diagnosis of HIT in the subject. In one
embodiment, areporter gene expression level of about 2.8 fold of the basal level
indicates a positive test or diagnosis of HIT in the subject. In one embodiment, a
reporter gene expression level of about 2.9 fold of the basal level indicates a positive test
or diagnosis of HIT in the subject. In one embodiment, areporter gene expression level
of about 3 fold or greater of the basal level indicates apositive test or diagnosis of HIT in
the subject.

In another embodiment, the reference is alevel of reporter expression generated
in the presence of apositive control that activates FcyRIIA in the cells. In one
embodiment, the positive control isthe IV.3 antibody in combination with an anti-Fc
antibody to activate FcyRIIA bound by 1V.3. In another embodiment, the positive
control isthe KKO (anti-human PF4-heparin complex) antibody. In another
embodiment, the positive control is plasma from a subject with known HIT. Inyet
another embodiment, the reference is alevel of reporter expression generated in the
absence of atest sample or test molecule. In another embodiment, the reporter gene
expression is increased in aheparin- and PF4- dose dependent manner.

B. Diagnostic Methods

In another aspect, the invention provides a method to assess the risk of a

mammalian subject for developing HIT or HITT. The method includes screening the
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subject's test sample for the presence or absence of antibodies that cause HIT using any
of the methods described above.

The test sample may be any of those described above. In one embodiment, the
test sample isblood. In another embodiment, the test sample is plasma. In another
embodiment, the sample is serum.

In one embodiment, the method is performed after the patient has initiated with
heparin administration. In one embodiment, the method is repeated over the course of
treating apatient with heparin. In another embodiment, the method is performed prior to
beginning treatment with heparin. Inyet another embodiment, the method is performed
prior to beginning treatment with heparin when the patient has been previously treated
with heparin within the last 6 months. In yet another embodiment, the method is
performed prior to beginning treatment with heparin when the patient has been
previously treated with heparin within the last 3 months.

This method thereby permits detection of antibodies and correlates the same with
HIT or HITT. In one embodiment, when HIT-inducing antibodies are detected in the test
sample, the patient is a risk for developing HIT or HITT. In another embodiment, when
HIT-inducing antibodies are detected in the test sample, the patient has HIT or HITT.

C. Therapeutic Methods

In another aspect, the invention provides a method for monitoring a patient
receiving heparin for the development of antibodies that cause HIT. The method
includes screening the subject's test sample at intervals before, during and after heparin
therapy for the presence of antibodies that cause HIT, using the methods described
above.

The test sample may be any of those described above. 1n one embodiment, the
test sample isblood. In another embodiment, the test sample is plasma. In another
embodiment, the sample is serum.

In one embodiment, when HIT-inducing antibodies are detected in the sample,
heparin therapy is discontinued.

D. Screening Methods

In another aspect, a method for screening molecules and compounds is provided.
In one embodiment, the method comprises culturing ahematopoietic cell or cell line with

atest molecule; aplatelet factor 4 (PF4), awild-type or variant of PF4 or afragment
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thereof; heparin or aheparin-like molecule or aheparnoid molecule; and an FcyRIIA-
activating antibody or fragment thereof. The method further comprises detecting or
measuring the level of reporter gene expression. 1n one embodiment, the cell or cell line
is selected from those described above. In another embodiment, the cell or cell line
contains, in operative association, the platelet receptor FcyRIIA under the control of a
suitable promoter and areporter construct comprising areporter gene under the control
of apromoter and transcription factor, which is regulated downstream of the signaling
cascade of activated FcyRIIA.

Any of the hematopoietic cells or cell lines described above may be used in the
screening methods of the invention. For conciseness, each possible embodiment of each
component is not repeated here. However, it is intended that each of the embodiments of
the assay components shall have the same scope as the embodiments described above.

Without wishing to be bound by theory, the inventors hypothesize that, in the
presence of aPF4 antagonist compound, the HIT-activating antibody cannot bind to the
PF4-heparin ULC (or binding is reduced), and thus cannot activate FcyRIIA. Thus, in
the presence of a PF4 antagonist compound, no increase in reporter gene expression is
seen. In the absence of a PF4 antagonist compound, the HIT-activating antibody binds
the ULC, and activates FcyRIIA. The resulting signaling cascade generates products,
i.e., Ca* and MAP kinase, which bind NFAT and AP-1, respectively, activating the
promoter of the reporter construct, producing an increase in reporter gene expression.

Thus, in one embodiment, when the test molecule is a PF4 antagonist which can
disrupt the formation of ultra large particles comprising PF4 and heparin, FcyRIIA and
its signaling cascade are not activated, and no increase in reporter gene expression
ocCurs.

In another embodiment, when the test molecule is a non-activating FcyRIIA
antagonist or non-activating FcyRIIA antibody, FcyRIIA and its signaling cascade are
not activated, and no increase in reporter gene expression occurs.

Inyet another embodiment, when the test molecule is unable to bind FcyRIIA or
PF4 so asto block activation or the formation of ultra-large complexes, the FcyRIIA-
activating antibody and PF4-heparin complexes in contact with the cell or cell line

activate FcyRIIA and its signaling cascade, thereby generating downstream products that
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activate the transcription factor and promoter of the reporter construct, resulting in an
increase in reporter gene expression.

In one embodiment, the test molecule is acompound. In another embodiment,
the test molecule is achemical entity. In another embodiment, the test molecule is a
small molecule. In another embodiment, the test molecule is an antibody. In another
embodiment, the test molecule is apeptide. In another embodiment, the test molecule is
aprotein. In another embodiment, the test molecule is a carbohydrate. In another
embodiment, the test molecule is anucleic acid sequence.

In another embodiment, the expression of the reporter gene is compared to a
reference. In one embodiment, the reference is abasal level of reporter expression
generated by the cells in the absence of an HIT-activating antibody or in the presence of
anegative control that does not activate FcyRIIA in the cells. Inthis embodiment, atest
result which correlates with anegative (or decreased) result in the presence of a
compound, combined with apositive result in the absence of that compound indicates a
compound which is a PF4 antagonist. The negative control can be any of those
described above. In one embodiment, the negative control is human plasma from a
subject without HIT. In another embodiment, the negative control is anon-antigenic PF4
that cannot form ultra large complexes with heparin. In another embodiment, the
negative control is an anti-coagulant that does not form ultra large complexes with PF4.
In another embodiment, the reference is alevel of reporter expression generated in the
presence of apositive control that activates FcyRIIA in the cells. In this embodiment, a
test result which correlates with apositive control indicates a compound which is not a
PF4 antagonist. 1n one embodiment, the positive control isthe IV.3 antibody in
combination with an anti-Fc antibody to activate FcyRIIA bound by 1V.3. In another
embodiment, the positive control isthe KKO (anti-human PF4-heparin complex)
antibody. Inyet another embodiment, the reference is alevel of reporter expression
generated in the absence of atest sample or test molecule. 1n another embodiment, the

reporter gene expression is increased in aheparin- and PF4- dose dependent manner.

V. Kits
In another aspect, assay kits are provided. 1n one embodiment, the assay kit

comprises one or more of: ahematopoietic cell or cell line of the invention; asuitable
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aliquot of platelet factor 4 (PF4), wild-type or variant of PF4 or a fragment thereof, or a
panel of PF4s; asuitable aliquot of heparin or aheparin-like molecule or aheparnoid
molecule or apanel of anionic anticoagulants; reagents for the detection of reporter gene
expression; apositive control reference; a negative control reference; and suitable
collection apparatus for atest sample from amammalian subject or atest molecule. As
described above, the hematopoietic cell or cell line comprises, in operative association,
the platelet receptor FcyRIIA under the control of a suitable promoter and areporter
construct comprising areporter gene under the control of apromoter and transcription
factor, which is regulated downstream of the signaling cascade of activated FcyRIIA.

In one embodiment, the assay kit comprises any of the cells or cell lines
described above. For conciseness, each and every embodiment of each component is not
repeated here. However, it is intended that each of the embodiments of the assay
components shall have the same scope as the embodiments described above.

Suitably, the kit contains packaging or acontainer with each of the above-
described components. 1n one embodiment, the kit contains instructions on how to
perform the assay and optionally, additional materials for performing such assays
including, e.g., reagents, well plates, containers, markers or labels, and the like.

The compositions of these kits also may be provided in dried or lyophilized
forms. When reagents or components are provided as a dried form, reconstitution
generally is by the addition of a suitable solvent. It is envisioned that the solvent also
may be provided in another packaging means.

The kits of the present invention also will typically include a means for
containing the vials in close confinement for commercial sale such as, e.g., injection or
blow-molded plastic containers into which the desired vials are retained. Other
instrumentation includes devices that permit the reading or monitoring of reactions in

vitro.

The following examples are illustrative of methods using the antagonistic
compounds described herein. 1t will be readily understood by one of skill in the art that
the specific conditions described herein for producing these compounds can be varied

without departing from the scope of the present invention. It will be further understood
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that other compounds encompassed by the structures described herein, aswell as other

sats, hydrates, and/or prodrugs thereof, are within the scope of the invention.

EXAMPLES

Compounds which are believed to be useful in preventing and treating HIT and
HITT are described in arelated application entitled "SMALL MOLECULE
ANTAGONISTS OF PF4 CONTAINING ULTRA LARGE COMPLEXES" which is

filed concurrently herewith, and incorporated by reference herein. Several compounds

from that application were used as amodel in testing the novel assays and cell lines of

the present invention and are referred to by their compound numbers used in that

application (e.g., compounds 1, 34, 80, 96 and 101 listed in Table 1below).

Table 1: PF4 Antagonist Compounds

3-[1-(carboxymethyl}-5-(4-
chlorophenyl)-pyrrol-2-
yl]propanoic acid
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2-phosphonooxybenzoic acid

101
3-[5-(4-chlorophenyl)-1-(2-
ethoxy-2-oxyethyl)-1H-pyrrol-2-
yl] propanoic acid

Unfractionated heparin was an injectable sodium salt from porcine intestinal
mucosa (Sagent Pharmaceuticals, Schaumberg, IL). Murine monoclonal antibodies
KKO (anti-human PF4-heparin complex), RTO (anti-human PF4), and I1V.3 (FcyRIIA-
blocking antibody) may be prepared according to Arepaly, "Characterization of a
murine monoclonal antibody that mimics heparin-induced thrombocytopenia antibodies”,
Blood, 95(5): 1533-1540 (2000), which is hereby incorporated by reference. Human
plasma samples were obtained from patients with ahigh clinical suspicion for HIT (see,
"Cuker, "The HIT expert probability (HEP) score: anovel pre-test probability model for
heparin-induced thrombocytopenia based on broad expert opinion™, J. Thromb.

Haemost, 8(12):2642-2650 (2010), which is hereby incorporated by reference) and who
had positive heparin/PF4 ELISA (GTI X-HAT45; Waukesha, WI) and serotonin release
assay results. Dose response datawere analyzed using the indirect Hill relationship using
GraphPad® Prism® software (version 5.03, sigmoidal dose-response, variable slope
model).

EXAMPLE 1: Preparation of B cells containing NFAT-Luc and FcyRI1A plasmids.

B cells used in the novel assays of the invention were prepared as follows.
NFAT-Luc was kindly provided by Prof. Arthur Weiss (Shapiro, "c-rel Regulation of IL-
2 gene expression may be mediated through activation of AP-1", J. Exp. Med.,

184(5): 1663-1669 (1996), hereby incorporated by reference). The NFAT reporter

contains three copies of acomposite NFAT-activator protein- 1 (AP-1) element from the

human interleukin-2 (IL-2) gene promoter, and is activated by binding of NFAT (nuclear
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factor of activated T-cells). pEF6-FcyRIIA, which contains the human FcyRIIA coding
sequence under the control of the human EF- 1apromoter, was constructed by cloning a
human FcyRIIA IMAGE clone into the multiple cloning site of pEF6c (Invitrogen).
DT40 cells (chicken B cells) were cultured in RPMI supplemented with 10%
fetal bovine serum, 1% chicken serum (Gibco), 50 uM 13-mercaptoethanol, 2 mM
GlutaMAX (Gibco), 100 U/mL penicillin and 100 U/mL streptomycin at 37°C under 5%
CO,. Cellswere co-transfected with 5 pg pEF6-FcyRIIA and 20 pg pEF6-NFAT-Luc by

electroporation. Positive transformants were selected using blastidicin.

EXAMPLE 2: HIT antibodies bound to ULC on platelets initiate activation by engaging
FcyRIIA.

Tovalidate that the transfected cells are useful in measuring inhibition of
FcyRIIA mediated activation by HIT antibodies in the presence of PF4 and heparin the
following experiments were performed.

On day following transfection, cells were pelleted by centrifugation and re-
suspended a 2 x 108 cells/mL in fresh medium without serum. Cell aliquots (50 pL)
were placed into each well of a96 well plate. To establish basal expression, 50 pi.
media was added. Further, the cells were also incubated independently with the
following: PF4, heparin, RTO antibody, KKO antibody, ULCs aone, ULCs and RTO;
ULCs and KKO and IV.3 antibody. Monoclonal antibody 1V.3 (an FcyRIIA-blocking
antibody) was used in combination with an anti-Fc antibody to activate FcyRIIA bound
by IV.3 as apositive control for FcyRIIA signaling. 8 pg/mL of 1V.3 was added for 15
minutes at 37°C under 5% CO, followed by 50 pL of sheep anti-mouse-IgG secondary
antibody at 15 ug/mL to crosslink and activate these receptors. As apositive control for
an intact intracellular signaling pathway, phorbol myristate acetate (PMA; 25 ng/mL)
with ionomycin (1 uM) was added (not shown).

The data show that the cells are activated by the anti-FcyRIIA monoclonal
antibody V.3 in combination with an anti-Fc antibody to activate FcyRIIA bound by
V.3, aswell asby the HIT-like monoclonal antibody KKO in the presence of ULC
(Figure 1A). However, RTO, an isotype control that binds avidly to PF4 but does not
mimic the pathological properties of HIT, failed to activate these cells. Importantly,

KKO/ULC did not activate cells lacking FcyRIIA (transfected with pEF6-NFAT-Luc
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alone; data not shown) demonstrating that activation in this system is FcyRIIA
dependent. Furthermore, addition of PF4, heparin, KKO, or RTO aone did not activate
the FcyRIIA-expressing cells, demonstrating the relevance of this assay to measuring the
functional activity of HIT antibodies (Fig. 1A).

It was next examined whether FcyRIIA activation was heparin-dependent. To do
so, activation by KKO was measured using aconstant amount of PF4 and increasing
amounts of heparin. As seen in Figure IB, the previously described bell-shaped dose-
dependence of heparin concentration on platelet activation was observed. Taken
together, the data support the use of the DT40 cell activation system as an assay of
cellular activation via FcyRIIA dependent on PF4, heparin and HIT antibody and
therefore as a means to assess the effect of PF4 antagonists discussed herein.

See, Kelton, "Heparin-induced thrombocytopenia: Laboratory studies’, Blood,
72(3):925-930 (1988) and Reilly, "Heparin-induced thrombocytopenia/thrombosis in a
transgenic mouse model requires human platelet factor 4 and platelet activation through
FcyRIIA", 98(8):2442-2447 (2001), which are hereby incorporated by reference.

EXAMPLE 3: Inhibition of FcyRIIA-dependent cellular activation by PF4 antagonists
Wethen used this assay to measure the inhibitory capacity of the PF4 antagonist
compounds described in the concurrently filed related application referenced above. PF4
(10 pg/mL) and various concentrations of potential antagonists were co-incubated for 60
min a 37°C under 5% CO, followed by the addition of heparin (0.3 U/mL) for 15 min at
37°C in 5% CO,. KKO (20 pg/mL) or plasma from patients with serotonin release assay
confirmed HIT (1:800 dilution) was then added. 50 uL. of each mixture was added to the
96 well plate containing 50 pi. of cells a a concentration of 2 x 106 cellsymL in fresh
medium without serum. Plates were incubated for 6 hours a 37°C under 5% CO,, and
then frozen at -80°C. To measure activation, cells were thawed and lysed with 5X
Passive Lysis Buffer (Promega) for 15 minutes. Luciferase activity was measured on a
Berthold MultiLumat LB 9506 Luminometer (10 sec readings) using Promega's
Luciferase Assay Reagent following the manufacturer's instructions. In other
experiments, PF4 antagonists discussed herein were incubated with PF4 for 5 minutes

with the same results.

21



WO 2013/142330 PCT/US2013/032100

10

15

20

25

Compounds 1and 101 were the most potent inhibitors of cellular activation
(Table 2 and Fig. 1C), causing complete inhibition at the highest doses tested.
Compounds 80 and 96 were less potent and, as expected, compound 34 was not
inhibitory. Importantly, compounds 1and 101 both inhibited activation by human HIT
plasma with asimilar potency as activation by KKO (Figure ID).

Table2
PF4 Antagonist ICsp (UM)
1 33
34 -
80 440
101 100
96 500

EXAMPLE 4: Serotonin Release Assay

To confirm the results of the novel assay, an independent, orthogonal assessment
of activity was performed using a serotonin release assay. Serotonin release assays are
described in Hirschman, "The use of platelet serotonin release as a sensitive method for
detecting anti-platelet antibodies and aplasma anti-platelet factor in patients with
idiopathic thrombocytopenic purpura’, Br. J. Haematol, 24(6):793-802 (1973), and
Rauova and Cines, "Heparin-associated thrombocytopenia’, N.Engl. J. Med., 303:788-
795 (1980), which are hereby incorporated by reference.

Briefly, platelet rich plasma (PRP) from healthy donors was incubated with 0.5
puL “C-5-hydroxytryptamine creatinine sulfate (GE Life Sciences, Piscataway, NJ) per
milliliter of PRP for 20 minutes a 37°C to produce *C-labeled platelets. Serotonin
uptake was inhibited by adding 1 mmole/mL imipramine (Sigma-Aldrich, St. Louis,
MO) to the PRP.

The radiolabeled platelets were mixed with KKO (170 pg/mL) or with known
platelet-activating HIT plasma in the absence (buffer control) or presence of PF4
antagonist compounds 1, 34, 80, 101, and 96. Assays were performed in the presence of
heparin (1.0 U/mL) and in the absence of heparin (background). Negative controls

without antibody were studied in parallel. Data are expressed as % maximal release of
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radioactivity with release by the positive control plasma and 1.0 U/mL heparin defined
as 100%.

Compounds 1, 80, 101 and 96 inhibited platelet activation by KKO as measured
by the serotonin release assay (Figure IE). The rank order of potency for inhibition of
cellular activation by these compounds paralleled their ability to inhibit tetramer
formation. Further, compounds 1and 101 inhibited serotonin release from platelets

activated by plasma from patients with HIT (Figure IF).

EXAMPLE 5: Stable Cell Line

Cells are transfected as in Example 1and plated into 5 petri dishes. Cells are
returned to the incubator for 24 hours at 37°C under 5% CO,. The supernatant is
harvested and stored at -20°C until ready to assay the CLuc activity. The medium is
replaced and the cells are returned to the incubator for 24 hours. RPMI supplemented
with 10% fetal bovine serum, 1% chicken serum (Gibco), 50 uM 13-mercaptoethanol, 2
mM GlutaMAX (Gibco), and 5ug/mL blastidicin is added to the plates and they are
incubated for another 24 hours. Media is changed daily until the majority (-99%) of
cells are dead and colonies begin to appear (-7-10 days). Mediais replaced and the
colonies are isolated and transferred to a 96-well plate. Medium is replaced for the
isolated clones every 2-3 days until the cell density reaches -80%.

Colonies are incubated with KKO antibody at 20 pg/mL and checked for
luciferase expression to verify positive clones. Positive clones are expanded to larger

vessals, stepwise, until sufficient cell stock has been generated for freezing.

EXAMPLE 6: Comparison with other methods of detecting HIT

The performance of the DT40-luc assay was compared with aKKO-I assay
described in US Provisional Patent Application No. 61/640,960 which is incorporated
herein by reference and two commercialy available immunoassays in samples from 58
patients with suspected HIT and circulating anti-PF4/heparin antibodies.

Patient samples consecutively referred to the University of Pennsylvania for
laboratory assessment of HIT that tested positive [i.e. optical density (OD) >0.40] in a
polyspecific PF4/heparin ELISA (Hologic Gen-Probe, San Diego, CA) were included.

Citrated plasma samples from all patients were aso tested using an 1gG-specific
23

PCT/US2013/032100



WO 2013/142330 PCT/US2013/032100

10

15

20

25

30

PF4/heparin ELISA (Hologic Gen-Probe), an in-house SRA, and the investigational
KKO-I and DT40-luc assays. The polyspecific and 1gG-specific ELISAs were performed
in accordance with the manufacturer's instructions. The SRA was performed with
platelet rich plasma (PRP) as previously described (hereafter referred to as PRP-SRA) 7
and was considered positive if there was <5% 14C serotonin release after patient plasma
was added to platelets in the absence of heparin and >20% release after addition of 0.1 or
0.5 U/ml of heparin.

The KKO-I assay was performed as previously described in Sachais et al, Blood,
2012; 120(5): 1137-42, which isincorporated by reference herein. Briefly, Immulon 4
HBx 96-well plates (Thermo Fisher Scientific, Waltham, MA) coated with PF4 and
heparin (Sagent Pharmaceuticals, Schaumburg, IL) were incubated with human plasma
(2:50 dilution) for 30 minutes a 37°C followed by incubation with KKO for an
additional 10 minutes at 37°C. Recombinant PF4 was expressed in Drosophila Schneider
2 cells and purified as previously described.® KKO binding was measured as absorbance
at 405 nm (A405) after incubation with HRP-conjugated goat anti-mouse 1gG-Fc
(Jackson ImmunoResearch Laboratories, West Grove, PA) and the HRP substrate ABTS
(Roche Applied Science, Penzberg, Germany). Absorbance was measured with a
SpectraCount plate reader (Packard Bioscience, Waltham, MA). Data are presented as %
inhibition of KKO binding, calculated as [(A405,,, - A405 ig)/A405 ] X 100 with
A405  setinthe absence of plasma. "0%" represents no inhibition of KKO binding and
100% represents complete inhibition.

The DT40-luc assay was performed as described in the above examples and in
Sachais e al, Blood, 2012; 199(25):5955-5962, which is incorporated by reference
herein. In brief, DT40 chicken B cells were transiently transfected to express human
FcyRIIA (pEF6-Fc7RIIA) aswell as areporter molecule (NFATLuc), which consists of
the luciferase gene under control of the IL-2 promoter. On the day following
transfection, the resultant DT40-luc cells were placed in 96-well culture plates.
PF4/heparin complexes were formed first by incubating recombinant PF4 with heparin
for 15 minutes a 37°C, followed by addition of patient plasma (1:800 final dilution). The
PF4/heparin/plasma mixtures were then added to the cells for 6 hours a 37°C in an
atmosphere containing 5% C02. Plates were frozen at -80°C to terminate the activation

reaction. To measure activation, cells were thawed and lysed with 5X Passive Lysis
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Buffer (Promega, Madison, WI) for 15 min. Luciferase activity was measured on a
Berthold (Pforzheim, Germany) MultiLumat LB 9506 Luminometer (10 sec readings)
using Luciferase Assay Reagent (Promega) following the manufacturer's instructions.
Data are reported as the ratio of luciferase signal induced by patient plasma relative to
the absence of plasma (fold-basal). Normalization of luciferase signal in the absence of
plasma was performed with each transfection to account for potential differencesin
transfection efficiency.

We determined the 4Ts score for each subject by retrospective chart review to
estimate the clinical likelihood of HIT at the time of laboratory testing. The investigator
performing 4Ts scoring (AC) was blinded to the results of all HIT laboratory assays.
Investigators performing the KKO-1 and DT40-luc assays (AHR, JLH) were blinded to
the 4Ts score and the results of the PRP-SRA and the polyspecific and 1gG-specific
PF4/heparin ELISA. The protocol was approved by the University of Pennsylvania
institutional review board.

HIT was defined as the combination of an intermediate or high probability 4Ts
score >4 and apositive PRP-SRA. The performance of the polyspecific ELISA, IgG-
specific ELISA, KKO-I, and DT40-luc assay were evaluated with respect to this
reference standard by receiver-operating characteristic (ROC) anaysis. Areas under the
ROC curves (AUCs) were calculated and compared by the Del.ong method for
correlated samples. Analyses were carried out using GraphPad Prism 5 (GraphPed
Software, LaJolla, CA) and Analyse-it (Analyse-it Software, Leeds, UK). A p-value
<0.05 was considered statistically significant.

EXAMPLE 7: Results

Plasma samples from 58 subjects were studied. Each of the 2 1 subjects tested
positive by PRP-SRA had a4Ts score >4 and thus met the prespecified criteria for HIT.
Plasma samples from 37 subjects tested negative by PRP-SRA and were considered
negative for HIT. Demographic and clinical characteristics of HIT-positive and HIT-
negative subjects are summarized in Table 3. The median 4Ts score was significantly
greater in HIT-positive subjects (6 vs. 4, pO.0001), though 21 (57%) HIT-negative
subjects had an intermediate or high probability (>4) score, highlighting the limited
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specificity of clinical di agnosis.3 More patients in the HIT-positive group were on the

cardiovascular surgical service (66.7% vs. 37.8%) and received treatment for HIT
(90.5% vs. 67.6%), though these differences did not meet statistical significance (p=0.06

for both comparisons). Other demographic and clinical features were similar between the

two groups (Table 3).

Table3
Demographic and clinical characteristics of HI T-positive and HIT-negative
subj ects.
HIT-
HIT-positive negative

Characteristic (n=21) (n=37) p-value
Age: mean (range) 66 (39-89) 63 (39-80) 0.47
Female gender: n (%) 9 (42.9) 19 (51.4) 0.59
Race: n (%) 0.39
White 16 (76.2) 23 (62.2)
Black 1(4.8) 6 (16.2)
Other/Unknown 4 (19.0) 8 (21.6)
Patient population: n (%)
Cardiovascular surgery 14 (66.7) 14 (37.8) 0.06
Surgery (non-cardiovascular) 5(23.8) 9(24.3)
Medicine 2(9.5) 13 (35.1)
Other 0 1(2.7)
Setting: n (%) 0.22
Tertiary care hospital 18 (85.7) 26 (70.3)
Community hospital 3(14.2) 11 (29.7)

" Platelet count x 10%/L: median

_(range)* 50 (19-139) 69 (3-883) 0.29
Recognized thrombosis: n (%)* 14 (66.7) 20 (54.1) 0.41
4Ts score: median (interquartile
range) 6 (5-7) 4 (3-5) <0.0001
Received treatment for HIT: n (%) 19 (90.5) 25 (67.6) 0.06

*At time of HIT laboratory testing

All 58 patient samples were tested using the polyspecific ELISA, 1gG-specific

ELISA, and DT40-luc. One HIT-positive and one HIT-negative sample were not tested

by KKO-I dueto insufficient sample volume. The ability of each assay to discriminate

HIT-positive from HIT-negative subjects is shown in Figure 2 (panels A-D,
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respectively). Consistent with previous studi es,lothe mean OD was higher among HIT-
positive than HIT-negative subject samples by both polyspecific (2.26 vs. 1.37,
p0O.0001) and IgG-specific ELISA (1.86 vs. 1.14, p=0.0004). However, significant
overlap in OD values among HIT-positive and HIT-negative subjects was observed with
both assays (Figure 2A-B), underscoring their limited capacity to discriminate cell-
activating (and presumably pathogenic) from non-activating PF4/heparin antibodies at
the level of the individual patient.

KKO-I and DT40-luc showed better diagnostic discrimination than the
commercially available ELISAs (Figure 2C-D). HIT -positive plasma samples exhibited
significantly greater mean inhibition of KKO binding (78.9% vs. 26.0%, p<0.0001)
(Figure 2C) and induced significantly greater luciferase activity (3.14-fold basal vs. 0.96-
fold basal, pO.0001) than HIT-negative samples (Figure 2D).

ROC curves for each assay are shown in Figure 3. The AUC for KKO-1 (0.93,
95% CI 0.85-1.00) was significantly greater than the AUC for the polyspecific (0.82,
0.70-0.95; p=0.020) and IgG-specific (0.76, 0.62-0.90; p=0.0044) ELISAs, but not the
DT40-luc (0.89, 0.79-0.99; p=0.40). The AUC for DT40-luc was significantly greater
than the AUC for the 1gG-specific (p=0.046), but not the polyspecific ELISA (p=0.28).

Table 4 shows the sensitivity/specificity pairs at the most northwest point on the
ROC curve (the point at which sensitivity and specificity are optimized) for each assay.
The cut-offs associated with these points are denoted by dashed horizontal lines in Figure
2. At acut-off of 66%, the sensitivity and specificity of KKO-I was 0.90 and 0.92,
respectively, and correctly classified 91% (51/56) of samples with respect to the
reference standard. A lower cut-off of 50% improved sensitivity (0.95) at the cost of
reduced specificity (0.72). The sensitivity and specificity of DT40-luc at a cut-off of 1.6-
fold basal was 0.81 and 0.95, respectively, and was associated with correct classification
of 88% (51/58) of samples. The operating characteristics of KKO-I and DT40-luc
compared favorably with those of the polyspecific and 1gG-specific ELISA. At cut-offs
of 1.72 OD and 1.70 OD, the sensitivity of the latter assays was 0.76 and 0.67 and the
specificity 0.78 and 0.76, respectively (Table 4). At these optimized cut-offs, the
polyspecific ELISA correctly classified 78% (45/58) and the 1gG-specific ELISA 72%
(42/58) of samples.
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Table4. Operating characteristics of the assays at the most northwest

point on the recelver-oner ating characteristic curve.

Sensitivity (95% | Specificity (95%

Assay Cut-off CI) CI)
Polyspecific
ELISA 1.72 OD 0.76 (0.53-0.92) 0.78 (0.62-0.90)
IgG-specific
ELISA 1.70 OD 0.67 (0.43-0.85) 0.76 (0.59-0.88)
KKO-I 66% 0.90 (0.68-0.99) 0.92 (0.78-0.98)
DT40-luc 1.6-fold basal | 0.81 (0.58-0.95) 0.95 (0.82-0.99)

KKO-1>75%

or DT40-luc >
Combinatorial 2-fold basal 0.95 (0.74-1.00) 0.94 (0.80-0.99)

Combinatorial analysis showed that the performance of KKO-1 and DT40-luc
could be further improved when both assays were integrated within a single diagnostic
algorithm. A combinatorial strategy in which a sample was considered positive if it
demonstrated either KKO-1 > 75% or DT40-luc > 2.0-fold basal would have resulted in
correct classification of 55 of the 58 patients and a sensitivity and specificity of 0.95 and
0.94, respectively (Table 4). Conjunctive combinatorial strategies (i.e. Boolean
operations using "AND" rather than "OR") did not result in improved performance.

Because the polyspecific PF4/heparin ELISA has very high negative predictive

value for HIT,3'lowe chose to confine our study cohort to the more diagnostically
challenging patients who test positive by polyspecific ELISA (OD > 0.4). Nevertheless,
samples from 9 additional subjects with suspected HIT that tested negative in the
polyspecific ELISA were analyzed as negative controls. As expected, all 9 samples
showed negligible inhibition of KKO binding (range: -16.1% to 11.9%) and luciferase
activity (0.75-fold basal to 1.37-fold basal) (data not shown).

EXAMPLE 8: Discussion
Binding of KKO to immobilized PF4/heparin is inhibited to a greater extent by

PRP-SRA-positive plasma than by plasma from patients with non-cell-activating anti-

PF4/heparin anti bodies.SThe KKO-I assay was designed to leverage this property of
KKO, which possesses in vitro and in vivo platelet-activating activity, for the purpose of

discriminating cell-activating and potentialy pathogenic HIT antibodies from their non-
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pathogenic counterparts. In the present study, plasma from HIT-positive subjects
demonstrated significantly greater mean inhibition of KKO binding than HIT -negative
plasma (78.9% vs. 26.0%, p<0.0001) by KKO-I (Figure 2C). These findings suggest that
human cell-activating antibodies in HIT plasma bind to epitopes on PF4 that overlap to a
greater extent with KKO's binding site(s) than epitopes recognized by non-platelet

activating antibodies, such asthe isotype-matched monoclonal anti-PF4 antibody RTO,5
and point to epitope specificity as apotential major determinant of anti-PF4/heparin
antibody pathogenicity.

KKO-I isnot the only diagnostic assay for HIT to make use of KKO. HemoslL

HIT-Ab (PFAH) (Instrumentation Laboratory, Bedford, MA) is alatex particle enhanced

immunoturbidimetric assay inwhich agglutination of KKO-coated latex beads to
PF4/polyvinylsulfonate complexes in solution isinhibited in the presence of human anti-
PF4/heparin antibodies. Like the polyspecific PF4/heparin ELISA, HemoslL HIT-
Ab(PF4-H) has high sensitivity but appears to be limited in its capacity to discriminate
cell-activating from non-pathogenic antibodies. The assay was studied in a cohort of 102
subjects with suspected HIT, inwhich HIT was defined as an intermediate or high
clinical suspicion coupled with apositive aggregometry-based functional assay. All 17
samples meeting this definition tested positive by HemoslL HIT-Ab(PF4-H) (sensitivity
100%), but 16 additional HIT -negative samples also tested positive (specificity 81%).1 1
Although KKO-I and HemoslL HIT-Ab(PF4-H) have not been compared head-to-head, our
data suggest that the former may be more specific for platelet-activating antibodies. The
reasons for this apparent discrepancy in specificity are unknown, but may relate to
differences inthe geometry and kinetics of KKO. The spatial orientation and
intermolecular organization of KKO on the latex bead may permit steric inhibition by a
higher proportion of anti-PF4/heparin antibodies of diverse epitope specificities
compared with more stringent requirements to compete with the same antibody in
solution. In addition, the epitope(s) recognized by KKO on complexes of
PF4/polyvinylsulfonate in solution may differ sufficiently from those on immobilized
complexes of PF4/heparin that nonpathogenic antibodies can compete effectively. Better

understanding of these differences may lead to more detailed characterization of the
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pathogenic epitopes in HIT, which in turn, could be used to further improve assay
specificity.

Previous work has shown that FcyRllais required for the platelet activation
central to the pathogenesis of HIT.12 To obviate the need for fresh, reactive, donor
platelets, we developed a DT40 (chicken B lymphocyte) cell line transfected with human

FcyRlla coupled to aluciferase reporter to measure cellular activation by HIT

anti bodias.6 In this platelet-free system (DT40-luc), plasma from HIT -positive subjects
induced significantly greater luciferase activity than plasma from HIT-negative subjects
(3.14-fold basal vs. 0.96-fold basal, pO.0001) (Figure 2D). Thus, this assay recapitulates
the salient requirements to induce HIT, namely PF4-heparin-IgG complexes capable of
activating cells via FcyRlIla, 215 without the need for platel et-specific antigens. Thisis an
important feature in light of emerging evidence that activation of other cell types (e.g.
endothelial cells, monocytes) may contribute to the prothrombotic phenotype of HIT
through this and other Fey receptors. 1618

In the current study, KKO-I and DT40-luc exhibited better discrimination than a
commercially available polyspecific and 1gG-specific ELISA (Figure 2). At the most
northwest point on their respective ROC curves (Figure 3), the sensitivity and specificity
of the novel assays were superior to those of the commercial tests (Table 4). The
sensitivity of the polyspecific and IgG-specific ELISA is lower than that reported in

other studies (0.95- 1.00), e primarily because we used the most northwest point on the
ROC curve in our analysis rather than the manufacturer-recommended cut-off of 0.40.
The specificity of all four assays would likely have been enhanced had samples from
patients testing negative by polyspecific PF4/heparin ELISA, a group that typically

comprises 70% to 90% of areference laboratory's test population, * been included in the
study cohort.

Our findings have potentially important clinical implications. The diagnosis of
HIT is ahigh stakes enterprise. Delays in diagnosis and institution of appropriate therapy
are associated with an initia 6.1% daily risk of thromboembolism, amputation, and

death.”” Misdiagnosis, conversely, may result in unnecessary exposure of

thrombocytopenic patients without HIT to direct thrombin inhibitors and their attendant
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1% daily risk of major hemorrhage. 22 The latter is aparticularly prevalent problem in

current practice, = as highlighted by the observation that two-thirds of the 37 HIT-
negative subjects in our study nonetheless received treatment for HIT (Table 3) with
potential bleeding complications and unlikely benefit.

The limited specificity of currently available immunoassays and the limited
availability of more specific functional assays contribute to the problem of overdiagnosis
and unnecessary treatment. Immunoassays such asthe polyspecific PF4/heparin ELISA
are simple to perform and widely used, but are unable to discriminate cell-activating and
potentially pathogenic from non-pathogenic antibodies (Figure 2A). Depending on the
patient population, only 28% to 59% of samples testing positive by polyspecific ELISA

also test positive by a more specific functional e\'s,%ly.%z7 The OD of apositive ELISA is

ahelpful, but relatively crude predictor of pathogenicity (Figures 2A-B).10Modifications
of the PF4/heparin ELISA that detect only antibodies of the IgG class (e.g. 1gG-specific
ELISA) or antibodies inhibited by excess heparin (e.g. high-dose heparin confirmatory

oo ., 242128 . . .
test) enhance specificity, but false-positive results remain common with these

approaches and reductions in sensitivity have also been reported. 1928

KKO-I and DT40-luc demonstrated better diagnostic discrimination than a
commercially available polyspecific and 1gG-specific ELISA in the present study (Figure
2, Table 4) and hold promise for improving the specificity of laboratory diagnosis and
curtailing the current trend of overdiagnosis. Of the 37 HIT-negative subjects in our
study, all would have been misdiagnosed with (and potentially treated for) HIT based on
the manufacturer-recommended polyspecific ELISA OD cut-off of 0.40. Even use of an
optimized cut-off corresponding to the most northwest point on the ROC curve would
have resulted in misclassification of 13 of 58 (22%) subjects by polyspecific ELISA and
16 of 58 (28%) by 1gG-specific ELISA. In contrast, KKO-I and DT40-luc correctly
classified 33 of 36 (92%) and 35 of 37 (95%) HIT-negative patients, respectively,
suggesting the potential for these novel assays to curb the current problem of over-
diagnosis and unnecessary treatment.

Functional assays for HIT such asthe SRA and the heparin-induced platelet

activation (HIPA) test are sensitive and more specific than commercial immunoassays,
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but are impracticable for most clinical laboratories due to the need for fresh reactive

donor platelets, radioisotope (for the SRA), and meticulous technique and platelet

aggregometry (for the HI PA).7'30 KKO-I and DT40-luc may represent more feasible
options for laboratories seeking to improve the specificity of the testing they offer. Asa
modification of the PF4/heparin ELISA, KKO-I could berelatively easily adopted by
laboratories that currently perform the former assay. DT40-luc is atest of cellular
activation in which donor platelets are replaced by acell-line that can be stored at -80°C
and retrieved as needed for testing. The endpoint for cellular activation is luciferase
activity, which can be measured by a standard spectrophotometer without need for
radioactivity or platelet aggregometry.

Severa limitations of our study deserve mention. First, the study population was
relatively small and was recruited from two hospitals within a single health system.
Validation in alarger multicenter study is required. Second, the PRP-SRA employed in

the current s.tudy7 differs from the more widely used washed platel et SRA.”" PRP-based

aggregometry assays may be less specific than washed platelet functional assays, *
though SRASs utilizing PRP and washed platelets have not been directly compared. Third,

there is no universally accepted gold standard for HIT. In arecent meta-analysis, a4Ts

. . - - B _
score >4 was associated with a positive predictive value of only 22%. Positive results

by SRA in the absence of clinical HIT may also occur, particularly after cardiac

% - -
surgery. To overcome these limitations in the positive predictive value of the 4Ts and
SRA, we used areference standard (4Ts score >4 and positive PRP-SRA) incorporating

both clinical and laboratory criteria, as recommended by an international expert

consensus panel Neverthel ess, misclassification of some subjects in our study cannot
be excluded.

With this caveat in mind, two subjects that met the prespecified definition of HIT
tested negative by KKO-I at acut-off of 66% (Figure 2C). One was a 43-year-old
woman who developed thrombocytopenia, lower extremity deep vein thrombosis, and
pulmonary embolism following resection of locally advanced ovarian cancer. Her 4Ts
score was 7 (high probability) and her platelet count normalized rapidly on argatroban.
Her plasma showed only 1% inhibition by KKO-I and 0.8 1-fold basal activation by
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DT40-luc. Interestingly, weakly positive results were obtained by polyspecific ELISA,
1gG-specific ELISA, and PRP-SRA (0.67, 0.41, and 43%, respectively). Vaues in this
range have been reported to occur in the absence of clinical HIT, 10,36 suggesting that
the patient may have been misclassified by the reference standard rather than by KKO-I.
The second patient was a 72-year-old man who developed thrombocytopenia, lower
extremity deep vein thrombosis, and necrotic skin lesions & heparin injection sites
following percutaneous repair of aceliac artery aneurysm (4Ts score = 7).
Thrombocytopenia resolved with cessation of heparin and initiation of argatroban.
Results of the polyspecific ELISA, 1gGspecific ELISA, and PRP-SRA were 1.32, 0.97,
and 93%, respectively. Although the patient tested negative by KKO-I (51% inhibition),
his plasma induced strong luciferase activity (6.45-fold basal) by the DT40-luc assay.
This laboratory profile suggests the possibility of an uncommon variant of HIT in which
cell-activating antibodies recognize complexes of heparin and cationic proteins other
than PF4 such as interleukin-8 or neutrophil-activating peptide-2.*” Such antibodies
might be detectable using functional assays (e.g. DT40-luc), but not by PF4/heparin
immunoassays (e.g. KKO-I).

A s suggested by this second case in which discrepant results were obtained by
KKO-I and DT40-luc, acombinatorial approach may yield better performance than use
of either assay alone. Indeed, an integrated algorithm in which a sample was considered
positive if it demonstrated either KKO-1 > 75% or DT40-luc > 2.0-fold basal would have
resulted in correct classification of 55 of the 58 patients in our study and a sensitivity and
specificity of 0.95 (0.74-1.00) and 0.94 (0.80-0.99), respectively (Table 4). The operating
characteristics of such an approach require validation in an independent test population.

In summary, we describe anovel immunoassay (KKO-1) and anovel functiona
assay (DT40-luc) for the diagnosis of HIT. KKO-I and DT40-luc discriminated cell-
activating and potentially pathogenic antibodies from non-activating antibodies more
effectively than two commercially available ELISAs in a small cohort of patients with
suspected HIT. These assays are simple to perform; do not require donor platelets,
radioactivity, or platelet aggregometry; and hold promise for improving the specificity
and feasibility of HIT laboratory testing. Vaidation of KKO-I and DT40-luc in alarger
prospective study is underway.
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All publications cited in this specification and US Provisional Patent application
No. 61/614,729 are incorporated herein by reference. While the invention has been
described with reference to particular embodiments, it will be appreciated that
modifications can be made without departing from the spirit of the invention. Such

modifications are intended to fall within the scope of the appended claims.
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WHAT ISCLAIMED IS:

1 A method for identifying antibodies or fragments thereof that activate heparin-
induced thrombocytopenia (HIT) comprising
@ contacting ahematopoietic cell or cell line that comprises, in operative

association, the platelet receptor FcyRIIA under the control of a suitable promoter, and a
reporter construct comprising areporter gene under the control of a promoter and
transcription factor, which transcription factor isregulated downstream of the signaling
cascade of activated FcyRIIA, with

i. atest sample from amammalian subject;

ii. aplatelet factor 4 (PF4), awild-type or variant of PF4 or a
fragment thereof; and

iii. heparin or a heparin-like molecule or aheparnoid
molecule; and

(b) detecting or measuring the level of reporter gene expression.

2. The method according to claim 1, wherein, when the test sample contains an
HIT-activating antibody or fragment, the antibody and PF4-heparin complexes in contact
with the cell or cell line activate FcyRIIA and its signaling cascade, thereby generating
downstream products that activate the transcription factor and promoter of the reporter

construct, resulting in an increase in reporter gene expression.

3. The method according to claim 1, wherein when the test sample does not contain
an HIT-activating antibody or fragment, FcyRIIA and its signaling cascade are not
activated, and no increase in reporter gene expression occurs.

4, The method according to claim 1, wherein the mammalian subject is a human.

5. The method according to claim 1, wherein the test sample is abiological sample

from amammalian subject containing antibodies or fragments thereof.
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6. The method according to claim 5, wherein the test sample is blood, plasma,

serum, or cell duate.

7. A method for screening molecules and compounds, the method comprising:

@ culturing ahematopoietic cell or cell linethat comprises, in operative
association, the platelet receptor FcyRIIA under the control of a suitable promoter and a
reporter construct comprising areporter gene under the control of apromoter and
transcription factor, which is regulated downstream of the signaling cascade of activated
FcyRIIA, with:

i. atest molecule,
ii. aplatelet factor 4 (PF4), awild-type or variant of PF4 or a
fragment thereof; and

iii. heparin or aheparin-like molecule or aheparnoid molecule;

iv. an FcyRI1A-activating antibody or fragment thereof; and

(b) detecting or measuring the level of reporter gene expression.

8. The method according to claim 7, wherein, when the test molecule is a PF4
antagonist which can disrupt the formation of ultra large particles comprising PF4 and
heparin, FcyRIIA and its signaling cascade are not activated, and no increase in reporter

gene expression OCCurs.

9. The method according to claim 7, wherein when the test molecule is anon-
activating FcyRIIA antagonist or non-activating FcyRIIA antibody, FcyRITA and its

signaling cascade are not activated, and no increase in reporter gene expression occurs.

10. The method according to claim 7, wherein when the test molecule is unable to
bind FcyRIIA or PF4 so asto block activation or the formation of ultra-large complexes,
the FcyRIIA-activating antibody and PF4-heparin complexes in contact with the cell or
cell line activate FcyRIIA and its signaling cascade, thereby generating downstream
products that activate the transcription factor and promoter of the reporter construct,

resulting in an increase in reporter gene expression.
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11. The method according to claim 7, wherein the test molecule is acompound, a
chemical entity, an antibody, apeptide, aprotein, acarbohydrate, or anucleic acid

sequence.

12, The method according to claim 1or 7, further comprising comparing the reporter

gene expression in the cells containing the test sample or test molecule to areference.

13. The method according to claim 12, wherein the reference is abasal level of
reporter expression generated by the cells in the absence of an HIT-activating antibody

or in the presence of anegative control that does not activate FcyRIIA in the cells.

14. The method according to claim 12, wherein the negative control is human plasma
from a subject without HIT, anon-antigenic PF4 that cannot form ultra large complexes
with heparin, or an anti-coagulant that does not form ultra large complexes with PF4.

15. The method according to claim 12, wherein the reference is alevel of reporter
expression generated in the presence of apositive control that activates FcyRIIA in the

cells.

16. The method according to claim 12, wherein the reference is a level of reporter

expression generated in the absence of atest sample or test molecule.

17. The method according to claim 1or 7, wherein the PF4 is awild-type or variant

of PF4 from a selected species.

18. The method according to claim 17, wherein the PF4 is human PF4.

19. The method according to any of claims 1-18, wherein the reporter gene

expression isincreased in aheparin and PF4-dependent manner.
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20. A stable hematopoietic cell line that comprises, in operative association, the
platelet receptor FcyRIIA under the control of a suitable promoter and a reporter
construct comprising areporter gene under the control of apromoter and transcription
factor, which is regulated downstream of the signaling cascade of activated FcyRIIA.

21. The method or cell line according to any of claims 1-20, wherein the reporter
construct comprises areporter gene under the control of acomposite promoter
comprising the nuclear factor of activated T-cells (NFAT)-AP-I sites from the IL-2
promoter, which requires both Ca’* and map kinase (MAPK) generated by the signaling
cascade of activated FcyRIIA to activate the NFAT transcription factor, resulting in

increased expression of the reporter.
22. The method or cell line according to any of claims 1-20, wherein the
hematopoietic cell is co-transfected with afirst plasmid expressing FcyRIIA under the

control of a suitable promoter, and a second plasmid carrying the reporter construct.

23. The method or cell line according to any of claims 1-20, wherein the

hematopoietic cell is astable cell line.

24. The method or cell line according to any of claims 1-20, wherein hematopoietic

cell or cell lineisaB lineage cell or cell lineor aT lineage cell or cell line.

25. The method or cell line according to any of claims 1-20, wherein the FcyRITA

coding sequence is ahuman sequence.

26. The method or cell line according to any of claims 1-20, wherein the FcyRITA

coding sequence is under the control of the human EF-la promoter.

27. The method or cell line according to any of claims 1-20, wherein the reporter is

luciferase.
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28. The method or cell line according to claim 21, wherein NFAT is one of the
cacium sensitive NFATcl, NFATc2, NFATc3, or NFATCcA.

29. The method or cell line according to any of claims 1-20, wherein the signal

cascade of activated FcyRIIA produces phospholipase C/Ca’* elevation and map kinase.

30. A method to assess the risk of amammalian subject for developing HIT
comprising screening the subject's blood sample for the presence or absence of

antibodies that cause HIT with the method of any of claims 1-19 or 21-29.

3L A method for monitoring apatient receiving heparin for the development of
antibodies that cause HIT comprising screening the subject's blood sample at intervals
before, during and after heparin therapy for the presence of antibodies that cause HIT
with the method of any of claims 1-19 or 21-29.

32. An assay kit comprising one or more of

@ ahematopoietic cell or cell line that comprises, in operative association,
the platelet receptor FcyRIIA under the control of a suitable promoter and areporter
construct comprising areporter gene under the control of apromoter and transcription
factor, which is regulated downstream of the signaling cascade of activated FcyRIIA;

(b) suitable aliquot of platelet factor 4 (PF4), wild-type or variant of PF4 or a
fragment thereof, or apanel of PF4s;

(© suitable aliquot of heparin or aheparin-like molecule or aheparnoid
molecule or apanel of anionic anticoagulants;

(d) reagents for the detection of reporter gene expression,;

(e apositive control reference;

()] a negative control reference; and

(9) suitable collection apparatus for atest sample from amammalian subject

or atest molecule.

33. A method for diagnosing heparin-induced thrombocytopenia (HIT) in a subject
comprising
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@ contacting ahematopoietic cell or cell line that comprises, in operative
association, the platelet receptor FcyRIIA under the control of a suitable promoter, and a
reporter construct comprising areporter gene under the control of a promoter and
transcription factor, which transcription factor isregulated downstream of the signaling
cascade of activated FcyRIIA, with

i. atest sample from the mammalian subject;

ii. aplatelet factor 4 (PF4), awild-type or variant of PF4 or a
fragment thereof; and

iii. heparin or a heparin-like molecule or aheparnoid
molecule; and

(b) detecting or measuring the level of reporter gene expression.

34. The method according to claim 33, wherein, when the test sample contains an
HIT-activating antibody or fragment, the antibody and PF4-heparin complexes in contact
with the cell or cell line activate FcyRIIA and its signaling cascade, thereby generating
downstream products that activate the transcription factor and promoter of the reporter

construct, resulting in an increase in reporter gene expression.

35. The method according to claim 33 or 34, wherein the measurement of the level of

reporter gene expression allows for acomparison with acontrol or reference level.

36. The method according to any of claims 33-35, wherein the control or reference

level is alevel obtained from a sample which does not contain HIT antibodies.

37. The method according to claim 36, wherein a sample level of about 1.6 fold of

the control level indicates a sample containing HIT antibodies.

38. The method according to claim 36, wherein a sample level of about 2.0 fold of

the control level indicates a sample containing HIT antibodies.

39. The method according to any of claims 33-38, wherein the test sample isa

biological sample from amammalian subject containing antibodies or fragments thereof.
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40. The method according to claim 39, wherein the test sample is blood, plasma,

serum, or cell eluate.
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Group 1, claims 1-6, 12-18, 20, drawn to a method for identifying antibodies or fragments thereof that activate heparin induced
thrombocytopenia  (HIT).

Group 11, claims 7-18, drawn to a method for screening molecules and compounds.

Group 11, claims 32, drawn to anassay kit.

Group 1V, claims 33-35, drawn to a method for diagnosing heparin-induced thrombocytopenia (HIT) in a subject.

The inventions listed as Groups | though Iv do not relate to a single general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding specia technical features for the following reasons:
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2. D Asall searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional  fees.
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only those claims for which fees were paid, specificaly claims Nos.:

4. Eﬂ No required additiona search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned inthe claims; it iscovered by claims Nos.
1-6, 12-18 and 20

Remark on Protest 1:_' The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
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Special Technical Features

Group | requires the special technical feature of a method for identifying antibodies or fragments thereof that activate heparin induced
thrombocytopenia (HIT), not required by Groups II-1V.

Group 1 requires the special technical feature of a method for screening molecules and compounds, comprising an FcyRIIA-activating
antibody or fragment thereof, not required by Groups | and !lI-1V.

Group Il requires the special technical feature of an assay kit, not required by Groups I, Il and V.

Group IV requires the special technical feature of a method for inhibiting a cancer, not required by Groups I-Ill.

Common Technical Features

Groups |-IV share the common technical features of a hematopoietic cell or cell line that comprises, in operative association, the platelet
receptor FcyRIIA under the control of a suitable promoter and a reporter construct comprising a reporter gene under the control of a
promoter and transcription factor, which is regulated downstream of the signaling cascade of activated FcyRIIA; and a method
comprising (a) contacting a hematopoietic cell or cell line that comprises, in operative association, the platelet receptor FcyRIIA under
the control of a suitable promoter, and a reporter construct comprising a reporter gene under the control of a promoter and transcription
factor, which transcription factor is regulated downstream of the signaling cascade of activated FcyRIIA, with. a test sample; a platelet
factor 4 (PF4), a wild-type or variant of PF4 or a fragment thereof; and heparin or a heparin-like molecule or a hepamoid molecule; and
(b) detecting or measuring the level of the measuring the level of reporter gene expression in the sample.

However, these shared technical features do not represent a contribution over prior art, because the shared technical features are made
obvious by references article by AMIRAL et al., entitled 'Generation of antibodies to heparin-PF4 complexes without thrombocytopenia in
patients treated with unfractionated or low-molecular-weight heparin’, (hereinafter Amiral), in view of the article by CHONG et al., entitled
'Increased expression of platelet IgG Fc receptors in immune heparin-induced thrombocytopenla and further in light of US
2004/0076954 A1to CALDWELL et al., (hereinafter Caldwell).

Amiral teaches a method for identifying antibodies or fragments thereof that activate heparin induced thrombocytopenia (HIT) (abstract -
'the measurement of antibodies to H-PF4 complexes allows the detection of heparin treated patients at risk of developing type 11 HIT."
and p. 90, 1st para) comprising contacting: i. a test sample from a mammalian subject (p. 91, 1st full para - Plasmas were tested at a
150 dilution in a diluent containing 10% goal serum as previously reported’; p. 91, col. 2, 2nd full para - 'Two hundred eighty-five
randomly selected hospitalized patients receiving a curative or prophylactic treatment with unfractionated heparin (UH) or low-molecular
weight heparin (LMWH) were tested for the presence of antibodies to H-PF4'); ii. a platelet factor 4 (PF4), a wild-type or variant of PF4
(p. 91, 1st full para); and mi. heparin (p. 91, 1st full para); and (b) detecting or measuring the level of an indicator of HIT antibodies (p. 91,
1st full para - 'These immunoglobulins were coupled to horseradish peroxidase (HPO) (Sigma, St. Louis, MO) according to Nakane and
Kawaoi [9] and were used for measuring the antibodies to H-PF4 complexes by ELISA as already described [6], The three probes were
pooled for the purpose of detecting all immunoglobulin isotypes reactive with H-PF4 complexes with a similar reactivity."). Amiral does
not specifically teach (a) contacting the above molecules with a hematopoietic cell or cell line that comprises, in operative association,
the platelet receptor FcyRIIA under the control of a suitable promoter, and a reporter construct comprising a reporter gene under the
control of a promoter and transcription factor, which transcription factor is regulated downstream of the signaling cascade of activated
FcyRIIA, or (b) detecting or measuring the level of reporter gene expression as an indicator of HIT antibodies. Chong teaches the
presence of HIT antibodies is associated with increased expression of the platelet receptor FcyRIIA in vivo (p. 990, 3rd para, and p. 992,
1st full para), where the increase is likely at the transcription level (p. 991, col. 2 - 'The mechanism for such a substantial and persistent
increase in platelet FCR expression would most likely take place at the level of gene transcription’). Caldwell teaches a method for
identifying target molecules in a sample that increase expression of a specific gene (para [0006J-[0007]), comprising contacting a cell
that comprises, in operative association, the specific gene under the control of a suitable promoter, and a reporter construct comprising
a reporter gene under the control of a promoter and transcription factor, which transcription factor is regulated downstream of the
signaling cascade of the specific gene when activated (para [0015]-[0016], [0020] and [0283]), with samples comprising target molecules
and/or other known or potential gene modulators, and detecting or measuring the level of reporter gene expression as an indicator of the
target molecules (para [0007] and [0020]). It would have been obvious to one of ordinary skill in the art at the time to have used the
cellular reporter assays taught by Caldwell to detect the level of FcyRIIA expression as an indicator of HIT antibodies, since one of
ordinary skill would have readily appreciated that because the presence of HIT antibodies is associated with increased expression of the
platelet receptor FcyRIIA in vivo (Chong p. 990, 3rd para, and p. 992, 1st full para), the expression of the platelet receptor FcyRIIA could
be detected in a cellular reporter system as an indicator of the presence of HIT antibodies in a patient sample, and further wherein the
reporter cells are hematopoietic cells, since such cells derived from bone marrow and T cells are involved in adaptive immunity, and
would therefore comprise genetic compatibility for HIT pathogenesis.

As the common technical features were obvious in the art at the time of the invention, these cannot be considered special technical
features that would otherwise unify the groups.

Therefore, Groups I through IV lack unity under PCT Rule 13 because they do not share a same or corresponding special technical
feature.

Note
Please note claims 19, 21-31 and 36-40 have been found unsearchable because they are dependent claims and are not drafted in

accordance with the second and third sentences of Rule 6.4(a).
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