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GAI' N- OF- FUNCTI ON ADAMIS13 VARI ANTS RESI STANT TO AUTOANTI BODY
I NHI BI TI ON AND METHODS OF USE THEREOF

By
X. Long Zheng

This application clainms priority to US Provisional
Application Nos: 61/578, 295, 61/ 731,193 and 61/34,580 filed
December 21, 2011, Novenber 29, 2012 and Decenber 7, 2012
respectively. Each of the foregoing applications is

i ncorporated herein by reference.

Pursuant to 35 U S.C 8202 (¢) it is acknow edged that the
U S CGovernment has rights in the invention described, which
was nmade in part with funds from the National Institutes of

Heal th, Grant Nunber, HL074124.
FI ELD OF THE | NVENTI ON

This invention relates to the fields of physiology and
henat ol ogy. More specifically, the invention provides gain-
of -function ADAMIS13 variants which are resistant to
aut oanti body inhibition and therefore wuseful for the treatnent
of aberrant thrombus formation such as that observed in TTP,

nmyocar di al infarction, and stroke.
BACKGROUND OF THE | NVENTI ON

Several publications and patent docunments are cited
t hroughout the specification in order to describe the state of
the art to which this invention pertains. Each of these
citations is incorporated herein by reference as though set
forth in full.

ADAMIS13 (A Disintegrin And Metalloprotease wth
ThronmboSpondin typel repeats-13) cleaves ultra large (u) von
WIllebrand factor (WF) on endothelial cells * and soluble VWF

in the flowing blood 273 or at site of injury where VF-rich
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4.6

platelet thronmbi are formed This cleavage is highly

specific occurring at the Tyr '®%°-Met 1606 bond in the A2 domain
", In vivo, fluid shear stress accelerates the cleavage of cell
bound ULVWF 18 and soluble VWF in circulation 23, In vitro

)

addition of a denaturant such as urea or guanidine ’

mar kedl y
accelerates the cleavage of soluble VW by ADAMIS13. These
findings facilitate the devel opnment of various biochenmnical
assays for assessing ADAMIS13 activity.

The inportance of VW proteolysis is highlighted by the
devel oprent of a fatal syndronme thronbotic thronmbocytopenic
purpura (TTP) when plasna ADAMIS13 activity is severely
deficient, either due to hereditary nutations of ADAMIS13 gene
' or acquired formation of autoantibodies that inhibit
ADAMIS13 activity **-'°. Nearly all adult patients wth severely
deficient ADAMIS13 activity harbor polyclonal imunoglobulin
Gs (lgGs) that bind the Cys-rich and spacer domains,

13.-17  Recent studies

particularly the spacer domain of ADAMIS13
have shown that exosite 3 (i.e. Y659-Y665) and several other
adjacent anino acid residues (i.e. R568 and F592) in the
spacer domamin conprise a najor antigenic epitope for
autoantibodies in TTP 1819, This region is also found to play
an essential role in proteolytic cleavage of VW under various
conditions ©2°-24 and inhibition of arterial thrombus formation
in vivo °.

Clearly a need exists for the identification of those
residues in the ADAMIS13 spacer region which nodul ate
substrate recognition and autoantibody recognition. Thi s
information should provide guidance for the devel opment of
t herapeutic conpositions wuseful for the treatnent of TTP,
myocardial infarction and stroke, and other inflamatory and

arterial thronbotic disorders.
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SUMVARY OF THE | NVENTI ON

In accordance with the present invention, isolated gain
of function ADAMIS13 variants are provided conprising at |east
one amino acid change in the spacer domain of ADAMIS13,
provided the change is not an alanine substitution. The
variants of the invention retain proteolytic activity and
exhibit resistance to autoantibody inhibition. In a preferred
enbodi nent, the variant is one of the M variant, the M2
variant, the M3 variant, the M4 variant or the M5 variant. In
a particularly preferred enbodinment, the variant is the M4
vari ant

Al so enconpassed by the present invention is a
pharmaceutical conposition conprising the isolated ADAMIS13
variants described above in a biologically acceptable carrier.

In yet another aspect, the invention provides a nethod
for the treatnment of TPP. An exenplary nmethod conprises
adm nistration of an effective amount of the ADAMIS13 variants
descri bed above to a patient need thereof, the ADAMIS13
variants inhibiting thronbus formation in the patient. In a
particularly preferred enbodinent, the variant exhibits
increased proteolytic activity when conpared to wild type

ADAMIS13 and/or is resistant to autoantibody inhibition.

BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1. Western blot and proteolytic activity of
ADAMIS13 and mutants. A. Western blotting with nouse anti-V5
| gG detects wild type ADAMIS1I3 (wr) and single point nutants
at position 660 in the concentrated condition medium (~50 nM
per lane) . Arrowhead and double stars indicate the intact
full-length ADAMIS1 3, -195 kDa, and degradation product,
respectively. B. Relative proteolytic activity (w of WI and

single point variants assessed by the cleavage of rFVWF73 as
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described in the Mterials and Methods. Means and standard
deviations from three independent experinents are shown (n=3)
Al nmutants except for R660K have activity below 20% of WT. C.
Proteol ytic degradation of multineric VW by ADAMIS13 and
single point mnutants under denaturing conditions. Plasma-
derived VW (150 nM was incubated with 0.2 nM of reconbinant
ADAMIS13 and nmutants in the presence of 1.5 Murea for 4
hours. The proteolytic cleavage of VW was determined by 1%
agarose gel electrophoresis and Wstern blotting. The sign +
or - indicates the presence or absence of 10 mM EDTA in the
reaction. HWVN and P indicate the high nol ecular weight

multimers and cleavage product, respectively.

Figure 2. Characterization of single and conpound
ADAMTS13 variants. A. Schematic domain organization of full-
l ength ADAMIS13 (top) , surface representation of exosite 3 and
adj acent residues in the spacer domain of ADAMIS13 (Left), and
names of various ADAMIS13 variants wth amno acid
substitution (Right) . B. Western blotting with anti-V5 detects

recombinant WI and variants in the conditioned nedium (50 nM

each lane) . Arrowhead indicates full-length ADAMIS13 of -195
kDa with little degradation. C. Relative specific proteolytic
activity of the variants in conparison to WI is shown. The
results are the nean and SD of three independent experinents
(n=3) . **P<0.001 is considered to be statically highly

si gni fi cant

Figure 3. Proteolytic cleavage of multinmeric VW by
ADAMIS13 and variants under denaturing conditions. A. Human
pl asma-derived VW (150 nM pre-denatured wth 1.5 M urea was
mxed with wr, M, M, M, M4, and M5 (0.04 nMand 0.2 nM in
the absence or in the presence of EDTA (10 mM (last lane) and
di al yzed against 10 nmM Tris-HCO, pH 8.0 containing 1.5 M urea
at 37° for 4h. The cleavage of VW was deternined by agarose

(1% gel electrophoresis and Wstern blotting with rabbit

4
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anti-VWWF 1gG (1:5,000), followed by |IRDye B800CWI abel ed goat
anti-rabbit 1gG (1:10,000) . B. The relative activity was
determined by InageJ quantitation of the ratio of cleavage
product (p, arrowhead) to high nolecular weight (HMW) VWF

multimers in each sanple. The specific activity was normalized

to that of WT (1 arbitrary wunit) . The results are the neans %

standard error of the nmean from three independent experiments.

Figure 4. Inhibition of proteolytic activity of WI and
variants by autoantibodi es. Reconbinant ADAMIS13 (W) or
variants (ML-Mb) (final concentration of 0.2 nM was incubated
without (-) or with (+ 35 uM of human nonocl onal anti-spacer
lgG (mAb I1-1) (A or 5-10 pi of heat-inactivated normal hunman
plasma (N or TTP patient #1 plasma (P (B for 60 min. The
residual activity was determned by the cleavage of pre-
denatured multimeric VW as described in the Mterials and
Met hods. EDTA (10 mM was included in the last lane as a
negative control. The relative residual activity was
determined by the ratio of product (p) to high nol ecul ar
weight VAW (HW) nultiner wusing InageJ and nornmalized to the
activity in the presence of normal human plasna. The
percentage of inhibition (means and standard deviation) by a
panel of 12 TTP patient plasmas is shown in panel C. **p<0.001
indicates statistically highly significant difference between

WI' and three variants (M3, M4, and M)

Figure 5. Binding of 1gG autoantibodies from TTP patients
ADAMIS13 and variants. ADAMIS13 (W) or variants (M-M) (50
ng) were incubated with a human nonocl onal anti-spacer 1gG
(mdb I1-1) (35 uM) or TTP patient plasmas (5-10 pi each,
depending on plasma 1gG concentrations) . The immne conplexes
were pulled down with protein A Sepharose 4B and detected by
Western blotting with nonoclonal anti-V5. The anti-V5 119G
coupl ed Sepharose 4B beads were used for a positive control.

Normal 1gG was used for a negative control

5
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Figure 6. WI and variants inhibited platelet aggregation
on col |l agen-coated surface under flow. Wwole blood (anti-

coagul ated with PPACK) was incubated wth Al exaFl ur488

conjugated anti-CbM1 19gG (1 pg/m) and WI or variants (10 nM
for 15 min. The blood was then flown through collagen-coated
surface in a mcrof luidic device at 10 dyns/cm2 for 3 mn. The
rate and ampunt of platelets accunulated on the surface were
determ ned under an inverse fluorescent nicroscope wth a high
speed CCD canmera (A . Data were analyzed by the BioFl ux
Mortage software. The mean percentages of the platel et
coverage from three independent experinments (n=3) at 1.5
mnutes were plotted against the various ADAMIS13 variants
added (B) .

Figure 7. Modeling of ADAMIS1 3-spacer and VWF- A2
interaction. A. Surface representation of ADAMIS13-DTCS
fragnent; B. Close-up view of the hydrophobic cluster in the
exosite of ADAMIS| -spacer domain. This pocket contains a
cluster of hydrophobic residues (L591, F592, L637, P638, L668,
T669, and ring of Y661 and Y665) , |lined by basic residues
(R568, R589, R636, and R660) supported by 8 B sheets (i.e. Bpi,
2, 3, 6, 7, 8, 9, and 10) . C. A substitution of these surface
residues with those in yellow appears to increase

hydrophobicity of this pocket. D. WW A2 (1653-1668) forns an

anphipathic helix (a6) . Here shown are the hydrophobic
residues facing to the top and charged residues to the bottom
This anphipathic helix nmay govern specificity to the ADAMIS13-
spacer exosite by inserting its hydrophobic side into the

pocket

Figure 8. A) ADAMIS13 donmins. M-netall oprotease,
D=di sintegrin, TSP=thronbospondin type-1, C=cysteine-rich,
s=spacer, CUB=CUB. B) Crystal structure of ADAMIS13 DICS wth
surfaces is shown with domains colored according to figure 9A

Exosites 3 and 4 are boxed. The spacer dommin is enlarged

6
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showi ng exosites are solvent-exposed. c) Residues of exosites
3 and 4 create a solvent-exposed interface for substrate

and/ or anti body binding.

Figure 9. A) Schematic of VWF-73 FRETS assay. Residues
corresponding to Q1599 and P1611 in the A2 domain of VWF are
mutated to cysteines and |abeled by fluorescein-5-naleimde
These residues are honpquenchers that fluoresce upon cleavage
by ADAMIS1 3. B) WWF-73 FRETS assay of notif B variants.
Concentration of VWA-73 peptide=2 uM; various concentrations
of variants are assayed and quantified relative to the wild
type activity. AB= °*2LTEDRLPR®3° _, Del eted, AB1=°"2LTEDS®3 _,

Del eted, and AB2= “*°*RLPR®3° _, Deleted. AB1l is not secreted, so

data could not be obtained for this variant.

Figure 10. A) Miultinmer analysis of wild type ADAMIS13 and

deletion nutants. B) Multinmer analysis of notif B nutations.
Al multimers are done with 150 nM WW, denatured in 1.5 M
urea for 4 hours at 37 °c in the presence of ADAMIS13. EDTA

(20 M was included in B lane 1 as control.

Figure 11. A) Results of hydrogen exchange for ADAMIS13
MDTCS construct. Exchange was done at pH 7.3 and stopped at
0 °c The only statistically significant difference in
exchange was observed between residues 629 and 642 in the
spacer donmain, shown by the dagger (t) . B) The region
containing nmotif B shows the |east exchange in the presence of
scFV 4-20. 6 unique peptides exist and are shown bel ow the
sequence. One peptide is not shown because data obtained was
i ncomplete. c) Results of hydrogen exchange from a few
representative peptides. Residues 33-45 are in the
nmet al | oprotease domamin and exchange readily with or wthout
scFV 4-20 present. Residues 574-580 and 643-650 are in the

spacer domain but show no interaction with scFV 4-20. Residues
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632-637, 635-642, and 636-641 have decreased exchange with

scFV 4-20, indicating an interaction.

Figure 12. A) Schematic representation of whole 1gG and a
single chain fragnent of the variable region (scFvs) of human
nonocl onal antibody against ADAMIS13 isolated from an acquired
TTP patient from B-cells through phage display Ilibrary
screening. B) Inhibition of plasma ADAMIS13 activity by
affinity purified scFv 4-20 expressed in E. coli using a VW-
73 FRETS assay. Concentration-dependent inhibition of plasna
ADAMIS13 is shown with an 1C50 of 0.01 ug/m

Figure 13. Inhibition of nurine ADAMIS13 activity and

alteration of VWF multiners by sckFv 4-20.

Figure 14. 4-20 mAb causes acquired TTP triggered by

bacterial shigatoxin.

Figure 15. A graph showing survival rates in mce
expressing control and inhibitory scFv after being challenged

with shiga toxin.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Thronbotic thronbocytopenic purpura (TTP) is primarily
caused by imunoglobulin G (1gG autoantibodies against
ADAMIS13. Nearly all TTP patients harbor 1gG that bind the
spacer domain of ADAMIS13, a region critical for recognition
and proteolysis of von WIllebrand factor (WF) . We show that a
nodi fi cation of an exosite in the spacer domain generates
ADAMIS13 variants with reduced autoantibody binding and
preserved or enhanced specific activity. Site-directed
nmut agenesis was used to generate a series of ADAMIS13 variants
and their functional properties were assessed. Of 24 novel
variants, tw (i.e. M4, R660K/ F592Y/ R568K/ Y661F and Mb,

R660K/ F592Y/ R568K/ Y661F/ Y665F) exhibited increased specific
activity by ~4-5 and ~10-12 fold to cleave peptide VW73 and

8
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mul timeric VWF, respectively. Mre interestingly, the gain-of-
functi on ADAMIS13 variants were nore resistant to inhibition
by anti-ADAMIS13 autoantibodies from patients with acquired
TTP, owing to reduced binding by anti-ADAMIS13 |gGs. O her
variants are disclosed that possess alterations in the exosite
4. These results shed nore light on the critical role of the
exosite in the spacer domain in substrate recognition. CQur
findings also help understand the pathogenesis of autoinmune
TTP. The autoantibody-resistant variants provide new agents
for therapy of acquired TTP with inhibitors.

Anot her aspect of the invention relates to the treatnent
of stroke and other blood coagulation disorders. Dat a have
shown that | ow ADAMIS13 activity is a risk factor for
myocardial infaraction and ischem c stroke. | ndeed,
reconbi nant ADAMIS13 is being tested in a phase | clinical
trial for these disorders in addition to assessing efficacy
for the treatnent of TTP. The variants disclosed herein would
al so be suitable for this purpose. Thus, ADAMIS13 variants
may be administered to a patient via infusion in a
biologically conpatible carrier. The pol ypeptides of the
invention may optionally be encapsulated in to |liposones or
ot her phospholipids to increase stability of the nolecule.

The pol ypeptides or conplexes there of may be adm nistered
alone or in conbination with other agents known to nodul ate
thronmbotic events. An appropriate conposition in which to
deliver ADAMIS13 can be determned by a nmedical practitioner
upon consideration of a variety of physiological variables,
including, but not limted to, the patient's condition and
henodynani ¢ state. A variety of conpositions well suited for
different applications and routes of admnistration are well
known in the art and described hereinbel ow

The preparation containing the purified polypeptide
variant contains a physiologically acceptable matrix and is

preferably fornmulated as a pharmaceutical preparation. The

9
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preparation can be formulated using substantially known prior
art methods, it can be mxed with a buffer containing salts,
such as Nad, cCad ,, and amno acids, such as glycine and/or
lysine, and in a pHrange from 6 to 8. Until needed, the
purified preparation containing the polypeptides can be stored
in the form of a finished solution or in |Iyophilized or deep-
frozen form Preferably the preparation is stored in

| yophilized form and is dissolved into a visually clear
solution using an appropriate reconstitution solution.

Alternatively, the preparation according to the present
invention can also be nade available as a liquid preparation
or as a liquid that is deep-frozen.

The preparation according to the present invention is
especially stable, i.e., it can be allowed to stand in
dissolved form for a prolonged tinme prior to application. The
preparation according to the present invention can be nade
avai l abl e as a pharmaceutical preparation with anti thronbotic
activity in the form of a one-conponent preparation or in
combination with other factors in the formof a multi-
conponent preparation.

Prior to processing the purified proteins into a
phar maceuti cal preparation, the purified proteins are
subjected to the conventional quality controls and fashioned
into a therapeutic form of presentation. |In particular, during
the reconbi nant manufacture, the purified preparation is
tested for the absence of conponents from any cellul ar
conmponents (e.g., nucleic acids, cellular debris) possibly
present during the purification process.

Anot her feature of this invention relates to nmaking
availabl e a preparation which contains ADAMIS13 variants which
is free frominactive internediates and autoproteolytic
degradati on products.

The pharnmaceutical preparation may contain dosages of

bet ween 10-1000 pg/kg, nore preferably between about 10-250

10
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Ho/ kg and nost preferably between 10 and 75 pg/kg, wth 40
Mg/ kg of the polypeptides being particularly preferred.

Patients my be treated inmediately upon presentation at the
clinic with a coagulation di sorder or thronbotic di sorder.

Al ternatively, patients nmay receive a bolus infusion every one
to three hours, or if sufficient i mpr ovenent i s observed, a

once daily infusion of the polypeptides descri bed herein.

Definitions:
Various terns relating to the biological nol ecules of the
present invention are used hereinabove and also throughout t he

speci fication and cl ai ns.
Wth reference to nucleic acids of the invention, t he

term "isolated nucleic acid" is sonetimes used. This term
when applied to DNA, refers to a DNA noblecule that is
separated from sequences with which it is imrediately

cont i guous (in the 5' and 3' directions) in the naturally

occurring genone of the organism from which it originates.

For exanpl e, the "isolated nucleic acid® nmay conprise a DNA or
cDNA nmolecule inserted into a vector, such as a plasmd or
virus vector, or integrated into the DNA of a prokaryote or
eukaryote

Wth respect to RNA nolecules of the invention, the term

"isolated nucleic acid" primarily refers to an RNA nolecul e
encoded by an isolated DNA nolecule as defined above.
Al ternatively, the term may refer to an RNA nolecule that has

been sufficiently separated from RNA nolecules wth which it

would be associated in its natural state (i.e., in cells or
tissues) , such that it exists in a "substantially pure" form
(the term "substantially pure"” is defined below)

Wth respect to protein, the term "isolated protein" or
"isolated and purified protein” i s sonetinmes used herein.

11
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This term refers primarily to a protein produced by expression
of an isolated nucleic acid nolecule of the invention.
Alternatively, this termmy refer to a protein which has been
sufficiently separated from other proteins with which it would
naturally be associated, so as to exist in "substantially

pure" form

The term "pronoter region" refers to the transcriptional
regul atory regions of a gene, which nay be found at the 5' or
3' side of the coding region, or within the coding region, or
within introns .

The term "vector"” refers to a small carrier DNA nol ecul e
into which a DNA sequence can be inserted for introduction
into a host cell where it will be replicated. An "expression
vector" is a specialized vector that contains a gene or
nucl eic acid sequence with the necessary regulatory regions
needed for expression in a host cell.

The term "operably I|inked" nmeans that the regulatory
sequences necessary for expression of a coding sequence are
placed in the DNA nolecule in the appropriate positions
relative to the coding sequence so as to effect expression of
the codi ng sequence. This same definition is sonetines
applied to the arrangenent of coding sequences and
transcription control elenents (e.g. pronpters, enhancers, and
termination elenents) in an expression vector. Thi s
definition is also sonmetinmes applied to the arrangenent of
nucl eic acid sequences of a first and a second nucleic acid

nmol ecul e wherein a hybrid nucleic acid nolecule is generated.

The term "substantially pure" refers to a preparation
conprising at |east 50-60% by weight the conpound of interest
(e.g., nucleic acid, oligonucleotide, protein, etc.). Mor e
preferably, the preparation conprises at |east 75% by weight,
and nost preferably 90-99% by weight, of the conpound of

i nterest. Purity is measured by nethods appropriate for the

12
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compound of interest (e.g. chromatographic nethods, agarose or
pol yacryl am de gel electrophoresis, HPLC analysis, and the
like)

The phrase "consisting essentially of" when referring to
a particular nucleotide sequence or amno acid sequence neans
a sequence having the properties of a given SEQ ID NO. For
exanple, when used in reference to an anmino acid sequence, the
phrase includes the sequence per se and nol ecul ar
nodi fications that would not affect the basic and novel
characteristics of the sequence.

The term "oligonucleoti de, as used herein refers to
prinmers and probes of the present invention, and is defined as
a nucleic acid nolecule conprised of two or nore ribo- or
deoxyri bonucl eotides , preferably nore than three. The exact
size of the oligonucleotide wll depend on various factors and
on the particular application for which the oligonucleotide is
used .

The term "probe" as used herein refers to an
ol i gonucl eotide, polynucleotide or nucleic acid, either RNA or
DNA, whether occurring naturally as in a purified restriction
enzyne digest or produced synthetically, which is capable of
annealing with or specifically hybridizing to a nucleic acid

wi th sequences conplenentary to the probe. A probe may be

either single-stranded or double-stranded. The exact |ength
of the probe will depend upon nany factors, including
tenperature, source of probe and nethod of use. For exanpl e,

for diagnostic applications, depending on the conplexity of
the target sequence, the oligonucleotide probe typically
contains 15-25 or nore nucleotides, although it may contain
fewer nucl eoti des.

The probes herein are selected to be "substantially"
complenentary to different strands of a particular target
nucl eic acid sequence. This means that the probes nust be

sufficiently conplenmentary so as to be able to "specifically

13
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hybri di ze" or anneal with their respective target strands
under a set of pre-determned conditions. Therefore, the
probe sequence need not reflect the exact conplenentary
sequence of the target. For exanple, a non-conplenentary
nucl eotide fragment may be attached to the 5' or 3' end of the
probe, with the remai nder of the probe sequence being
conpl ementary to the target strand. Al ternatively, non-
conpl ementary bases or |onger sequences can be interspersed
into the probe, provided that the probe sequence has
sufficient complenentarity wth the sequence of the target
nucleic acid to anneal therewith specifically.

The term "specifically hybridize" refers to the
associ ation between two single-stranded nucleic acid nolecul es
of sufficiently conplenentary sequence to permt such
hybri di zati on under pre-determned conditions generally used
in the art (sonetines ternmed "substantially conplenentary")
In particular, the term refers to hybridization of an
oligonucleotide wth a substantially conplenentary sequence
contained within a single-stranded DNA or RNA nol ecule of the
invention, to the substantial exclusion of hybridization of
the oligonucleotide wth single-stranded nucleic acids of non-
conpl enentary sequence.

The term "primer" as used herein refers to an
ol i gonucl eotide, either RNA or DNA either single-stranded or
doubl e-stranded, <either derived from a biological system
generated by restriction enzyne digestion, or produced
synthetically which, when placed in the proper environnent, is
able to act functionally as an initiator of tenplate-dependent
nucleic acid synthesis. When presented with an appropriate
nucleic acid tenplate, suitable nucleoside triphosphate
precursors of nucleic acids, a polynerase enzyne, suitable
cofactors and conditions such as a suitable tenperature and

pH, the priner may be extended at its 3' terminus by the
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addition of nucleotides by the action of a polynerase or
simlar activity to yield a priner extension product

The prinmer may vary in length depending on the particular
conditions and requirenments of the application. For exanpl e,
in diagnostic applications, the oligonucleotide primer is
typically 15-25 or nore nucleotides in |ength. The pri mer
must be of sufficient conplenentarity to the desired tenplate
to prine the synthesis of the desired extension product, that
is, to be able to anneal with the desired tenplate strand in a
manner sufficient to provide the 3' hydroxyl npiety of the
primer in appropriate juxtaposition for use in the initiation
of synthesis by a polynerase or simlar enzyne. It is not
required that the priner sequence represent an exact
conpl ement of the desired tenplate. For exanple, a non-
conpl ementary nucl eotide sequence may be attached to the 5
end of an otherwi se conplenmentary priner. Al ternatively, non-
conpl ementary bases may be interspersed within the
ol i gonucl eotide priner sequence, provided that the prinmer
sequence has sufficient conplenentarity with the sequence of
the desired tenplate strand to functionally provide a
tenplate-prinmer conplex for the synthesis of the extension
pr oduct

The term "percent identical" is used herein wth
reference to conparisons anong nucleic acid or anino acid
seguences. Nucleic acid and amino acid sequences are often
conmpared using conputer progranms that align sequences of
nucleic or amno acids thus defining the differences between
t he two. For purposes of this invention conparisons of
nucleic acid sequences are perforned using the GCG W sconsin
Package version 9.1, available from the Genetics Conputer

Group in Mdison, W sconsin. For conveni ence, the default

paraneters (gap creation penalty = 12, gap extension penalty
4) specified by that program are intended for use herein to

conmpare sequence identity. Alternately, the Blastn 2.0

15



10

15

20

25

30

WO 2013/096793 PCT/US2012/071289

program provided by the National Center for Biotechnol ogy
Information (found on the world w de web at

ncbi . nl m ni h. gov/ bl ast/; Al tschul et al., 1990, J Ml Biol
215:403-410) wusing a gapped alignment with default paraneters,
may be used to determine the level of identity and simlarity

between nucleic acid sequences and am no acid sequences.

The following materials and nmethods are provided to

facilitate the practice of the present invention.
Constructs :

Qui ckChange site-directed nutagenesis regents
(Stratagene) were used to replace one or a clustered of
surface charged anmino acid residues (R660, F592, R568, Y661,
and Y665) in the [9-pB10 variable region of the spacer donain.
A pcDNA3.1 vector containing wld-type ADAMIS13-V5-H s was
used as a plate. The resulting variants wth a desired
mutation or nmutations were sequenced to confirm the accuracy
at the Nucleic Acid Core Facility, The Children' s Hospital of
Phi | adel phi a

Preparations of reconmbi nant ADAMIS13 and variants :

COS7 cells were transfected wth plasnmd and
pol yet hyl eni i ne (PEI) according to the manufacture
instruction (Cell NTech Advanced Cell Systen) . Serumfree

condi tioned medium was collected 4 days after transfection and

concentrated 50-100 x using a filtration colum (MIllipore) in
the presence of protease inhibitor cocktail (Si gm)
ELI SA;

The concentrations of ADAMIS13 and variants in the
concentrated conditioned nedium were determned by a Sandw ch
enzyne-1linked inmmunoassay (ELISA) . Briefly, a high binding
mcrotiter plate (NUNC) was coated with 100 ui of nonocl onal

16



10

15

20

25

30

WO 2013/096793 PCT/US2012/071289

anti-Disintegrin 1gG (40 pg/m) (Custom made in Geen Muntain
Anti body, Vernmont, NH) overnight. The renmaining binding sites
were blocked for 30 min with 150 pi/well of 2.5% BSA in PBS.
WI' and variants diluted with PBS were added and incubated for
2 hours. After being washed with PBS, nonoclonal anti-V5-HRP
lgG (1:1,000) was added for detection. Previously purified WrI
was used as a calibration. Al quantifications were repeated

three tines for consistency.
Western blot:

The integrity of WI and variants in the concentrated
conditioned nmedium were assessed by Wstern blotting after
fractionation on 8% SDS-pol yacryl am de gel under reduced
conditions. After being transferred to a nitrocellul ose
menbrane, reconbinant Wl and variants were blotted by anti-V5
IgG (1:5,000) and | Rdye800CW I abel ed goat anti-mouse 1gG
(1:20,000) (LI-COR, Lincoln) in 20 mM Tris-HO, 150 mM NaC
containing 0.05% Tween20 and 1% casein (TBSTc) . The
fluorescent signal obtained with GOdyssey inaging system (LI-

COR, Lincoln, Nebraska) was converted to gray images.
Proteol ytic cl eavage of VW73 pepti de:

Mal ei m de-fl uorescei n-1 abel ed VW73 (rF-VWWF73) (2 uM) as
described previously 2°2° was incubated with ADAMIS13 and
variants (0.2 nM in 5 mMBis-Tris, pH 6.0 containing 25 mM
CaCl , and 0.005% Tween 20 in a 96-well white plate (Corning,
NY) . The rate of fluorescence generation was nonitored at 37
°C with a fluorescent mcrotiter plate reader (Ml ecular
Devi ces, Sunnyvale, <A (Ex/Em 485/535nm) every mnute for 30

mn. Pooled normal human plasma was used as a reference.

Proteol ytic cleavage of multinmeric VW under denaturing

conditions :
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Purified plasma VW (150 nM was incubated with ADAMIS13

and variants in the conditioned nedium (0.2 nM and 0.04 nM or

purified WI and variants (2 nMand 10 nM at 37 °c for 4 hours
on a nmenbrane (0.25 um, pore size) floating over 50 m buffer
(10 MM Tris-HO, pH 8.0 containing 1.5 Murea in a conical
tube. The digested material was withdrawn and denatured wth
sanple buffer (70 mM Tris-HC, pH6.5, 2.4% SDS, 0.67 M urea,
and 4 mM EDTA) at 60 °C for 20 minutes. The denatured VW was
fractionated with 1% (wt/vol) SeaKem HGI agarose (Canbrex,
East Rutherford, NJ) gel. The protein was then transferred
onto a nitrocellulose nenbrane and detected by Wstern
blotting with anti-VW 1gG (1:5,000) and |RDye 800CWI abel ed
goat anti-rabbit [1gG (1:10,000) (LI-COR Bioscience, Lincoln,

Nebraska) as described previously %27,

I nhibition of cleavage of VWAF by autoanti bodies from TTP

patients:

Reconbi nant ADAMIS13 and variants (0.2 nM were incubated
wi th human nonocl onal antibody against ADAMIS13-spacer donain
isolated from a patient with idiopathic TTP (mAb II1-1) (kindly
provided by Dr. Jan Vorberg, Sanquin-AMC Landsteiner
Laboratory, Ansterdam the Netherlands) or with heat-
inactivated (56 °c for 60 mn) norrmal human plasma or patient
plasmas (2.5-10 pi) in PBS for 30 mn. The residual
proteolytic activity was determned by cleavage of VW
mul tinmers using agarose gel electrophoresis and Wstern
blotting as described previously %27, The percentage of
inhibition was deternmined by conparing the residual activity
in WI and variants after addition of control plasma with that

after patient plasm.

Bi ndi ng of patient anti-ADAMIS13 1gG to ADAMIS13 and

variants :
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An i mmunoprecipitation plus Western blotting analysis was
used to detect the antigen and antibody reaction in solution

as described previously *°.

WI' and variants (50 ng) were
i ncubated 5-10 pi of normal human plasma or patient plasma and
30 Yi of protein A/G Sepharose 4B (Invitrogen) in 50 nmM Tris-

HCl, pH 7.6 containing 0.15 M Nad,|% bovine serum al bumn

(BSA), 1% Triton X-100, and 0.1% Tween-20 (TBST) at 4 °cC
overnight. After wash with TBST, the bound reconbi nant
ADAMIS13 and variants were eluted from the beads and
determ ned by Western blotting with anti-V5 1gG (1:5, 000)
(I'nvitrogen) . The anobunt of bound prinmary antibody was
determ ned by |RDye 800CWI abeled goat anti-nmouse 119G
(1:20,000) (LI-COR Bioscience, Lincoln, Nebraska) in TBST

containing 1% casein as previously described *°.

Model of ADAMIS13 and VWF interaction:

The interaction between ADAMIS13-spacer domain and VW-- A2
was nodel ed using the HHPred server plugin in PyMd software

(http://wwv.pymol .org/ ). The novies in the supplenental

materials were made with Adobe Photoshop CS software.

The following exanples are provided to illustrate certain
enbodi rents of the invention. They are not intended to limt

the invention in any way.
EXANMPLE |

Gai n- of - Functi on ADAMIS13 Variants That Are Resistant to
I nhibition by Anti-ADAMIS13 Autoantibodies from Patients with
Acqui red 1diopathic Thrombotic Thronbocytopenic Purpura

Identification of the optimal residue at position of 660
for ADAMIS13 activity: We and others have previously shown
that R660 in the spacer domain of ADAMIS13 plays an essenti al
role for substrate recognition (Genbank Accession No. nRNA,

NM 139025.3; protein NM 6205941; Uniprot No. Q76XL8; ‘828, A
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substitution of arginine at the position of 660 with alanine
(R660A) nearly abolished proteolytic activity toward various
substrates '828, To determine the optimal residue at this
position, we prepared a series of ADAMIS13 variants by
replacing the Rwith 18 other amino acid residues. The
resulting constructs were transiently expressed in COS-7
cells, which ran at ~195 kDa with little degradation on a SDS-
pol yacryl am de gel under reduced conditions (Fig. 1A . The
specific activity was assessed by the cleavage of rF- VW73 and
VWF as described in the Methods. A replacenent of R660 with
any other residues except for K (M, R660K) resulted in
dramatically reduced cleavage of rF-VW73 (Fig. 1B and VW
(Fig. 1C) . These results suggest that a positively charged
residue such as arginine or lysine at position 660 in the

spacer domamin is required for ADAMIS13 activity.

Identification of gain-of-function ADAMIS13 variants:
Based on the prelimnary results described above, we perforned
additional site-directed nmnutagenesis experinments by
sequentially replacing several other charged/ hydrophobic
residues on the surface loop in the spacer domain (i.e. R568,
F592, R660, Y661, and Y665) with K, Y, F, and K, respectively
(Fig. 2A) . The resulting ADAMIS13 variants (i.e. M2, M, M4,
and Mb) were also transiently in COS7 cells. Al ran at ~195
kDa on SDS-pol yacryl am de gel under reduced conditions (Fig.
2B) . The specific activity was assessed by the cleavage of
both rF-WF73 and WW. The variants M, M2, and M3 exhibited
simlar activity to WI cleaving VWW73 peptide (Fig. 20 and
multimeric VW (Fig 3). However, the variants M4 and M5
exhibited increased specific activity by 4-5 fold (p<0.001)
and 10-12 fold (p<0.001) in cleaving WAF73 peptide (Fig. 20
and multinmeric VW (Fig. 3), respectively. These results

denmonstrate for the first tinme that gain-of-f unction ADAMIS13
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variants can be engineered through a nodification of exosite 3

in the spacer domain.

Identification of ADAMIS13 variants resistant to
aut oanti bodies in TTP patients : Exosite 3 plus several other
adj acent residues in the spacer dommin contains major binding
sites for anti-ADAMIS13 autoantibodies in patients wth
acquired TTP 1819, We hypothesized that a nodification in this
region may alter the binding and inhibition of ADAMIS13
variants by patients' autoantibodies. To this aim ADAMIS13
and variants (0.2 nM were incubated for 60 mn with a well-
descri bed human nonocl onal antibody against spacer domain (mib
I1-1) (35 uM) isolated from a patient with acquired TTP %% 16,
The mAb I1-1 dramatically inhibited proteolytic activity of WT
and M2, but not M, M3, M4, and M5 (Fig. 4A) , suggesting that
R660 is critical for autoantibody inhibition. The reason why

M, but not M2 was resistant to inhibition is not clear.

When plasmas from TTP patients were used as the source of
aut oanti bodi es agai nst ADAMIS13, proteolytic activity of W,
M, and M2 was alnpbst conpletely inhibited after 60 mn of
i ncubation (Fig. 4B, 4C, and Table 1), while variant M3 was
only variably inhibited by the sane anount of patient plasna,
but variants M4 and M5 were resistant to patient plasma under
the sanme conditions (Fig. 4B, 4C, and Table 1). These results
indicate that the novel gain-of-f unction ADAMIS13 variants,
especially M4 and M6, are nore resistant to inhibition by both
nmonocl onal and pol yclonal anti-ADAMISI 3 autoanti bodies derived

frompatients with acquired idiopathic TTP.

Bi ndi ng of patient anti-ADAMIS13 1gG to reconbi nant
ADAMIS13 and variants: To determ ne whether the resistance of
ADAMIS13 variants to autoantibodies was the result of inpaired
bi nding interactions between ADAMIS13 variants and

aut oanti bodies, we perforned imunoprecipitation followed by
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Western blotting assay as described previously **%°

. As shown,
mAb |I-1 bound to WI and M2 consistently, but not to M, M,
M4, and M5 (Fig. 5). This result was in a conplete agreenent

with the antibody inhibitory activity (Fig. 4A

Moreover, plasma polyclonal anti-ADAMIS1I3 1gG from all
12 acquired idiopathic TTP patients also bound consistently to
W, M, and M2, variably to M3, but rarely to M4 and M5 (Fig.
5). As controls, 1gG from healthy donors did not bind WI and
variants detectably, while anti-V5 1gG bound to all constructs
(Fig. 5). These results indicate that the inhibitory activity
of either nonoclonal or polyclonal anti-ADAMIS1I3 1gG from TTP
patients is nediated through their direct binding to exosite 3

in the spacer domain of ADAMIS13.

Model of interactions between ADAMIS1I3 and WA To gain
insight into the mechanisns underlying the enhanced activity
of ADAMIS13 variants, we perforned nolecular nodeling using
the existing crystal structure of ADAMIS13-DICS fragnment (Fig.
6A) 2°and VWF-A2 donmain °°. As shown, the spacer domain
conprises ten B-sheets (i.e. B1-10), a pocket forned by
various [ sheets containing a cluster of hydrophobic residues
(L591, F592, L637, F638, L668, and T669) , and a ring fornmed by
Y661 and Y665 lined by basic residues R568, R589, R660, and
R636 (Fig. 6B) . This pocket appears to directly interact wth
the a6-helix (residues between D1653 and R1668) in the central
A2 domain of WA (Fig. 6D . The hydrophobic residues in the A2
domai n presumably face exosite 3 to make strong hydrophobic
contacts in conjunction wth sone hydrogen bonding outside of
the pocket (data not shown) . A substitution of Rwith K
residue or Y with F residue or vice versa appears to alter the
hydr ophobicity of exosite 3 (Fig. 6C . The correspondi ng

changes of the hydropathy index were noted as follows: R—K:

4.5 — -3.9 and Y—=F: -1.3 — +2.8, thereby enhancing the
interacti on between VW and ADAMIS13. Furthernore, a
22
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substitution of F592 with Y may open up the pocket even nore,
thereby better engaging substrate. There was also a
correspondi ng backbone shift which appears to take place in
the B2, Bs, Bs, and B9 sheets to conpensate for the increased
hydrophobicity (Fig. 6C . These changes allow greater
engagenent of exosite 3 with the A2 domain, particularly the
amino acid residues between residues D1653 and R1668 (data not
shown) . Together, our findings suggest that the nodification

Table 1. Clinical characteristics, plasma ADAMTS1 3 activity and inhibitors of TTP patients,
and sensitivity of wild-type ADAMTS13 and novel variants to the inhibition by patient plasma

Pt \D# Age Sex Pitcount Hct LDH Cr CNS Al3 Anti-Al13 Anti-A13 Sensitivity to Pt plasma inhibition

) oA0%L)  {%} (UIL) (Mgrd) Sym Act (%) Inhibitors IgG(U/ml) WT M1 M2 M3 Ma Ms
1 44 F 15 23 695 11 Yes <5 + 84.2 ++ + - .
2 56 F 19 29 654 11 Yes <5 + 35.4 ++ A+ A+ + +
3 45 F 88 28 995 0.7 Yes <5 + 81.9 et - - .
4 52 F 52 20 866 1.1 Yes <5 + 132.0 ++ A+ - - .
5 79 F 7 27 1,660 1.4 Yes <5 + 118.0 i + - -
6 34 M 15 23 2,703 09 Yes <5 + 1275  ++ +F o+ - -
7 34 M 0 33 859 1.9 No <5 + 162.0 bt - - .
8 23 F 11 18 3,412 0.8 Yes <5 + 132.0 LS I - - -
9 42 F 23 17 3259 0.8 Yes <5 - 168.0 4+ o .
10 21 F 9 13 1,489 15 Yes <5 + 72.0 EE R + + +
11 e1 F 33 28 511 08 Yes <5 + 221 0 S+ - .
12 42 M 16 24 6517 12 No <5 + 1472+ A+ A+ & - -
N=12 43* - 155* 235% 1.242* 11' (83.3) (100) (100) (100)  (100) (100) (100) (50) (17) (17)

Pit, platelet; Hct, hematocrit; LDH, lactate dehydrogenase; Cr, creatinine; CNS Sym, central nervous

signs and symptoms; A13 act, ADAMTS1 3 activity by rF-vWF73; Anti-Al 3, plasma anti-ADAMTS1 3
autoantibodies; 1gG, immunoglobulin G ; WT, recombinant wild-type ADAMTS13; M1-M5, refer to the
legends in Fig. 1. F/M, female to male. “-", negative inhibition (<10% reduction in activity); "+, mild inhibition
(10-30% reduction in activity); "++", moderate inhibition (30-50% reduction in activity); “+++”. strong inhibition
(>50% reduction in activity) after 50:50 mixing with patient plasma, ‘indicates median values; { ) indicates
the positive rates in percentage.

of an exosite in the spacer domain is a viable approach to
i nprove ADAMIS13 function while reducing autoantibody bindi ng

and inhibition.

Di scussi on

In the present study, we have denopbnstrated that a
positively charged residue i.e. arginine or lysine at the
position 660 is critical for ADAMIS13 function (Fig. 1). This
observation pronotes us to test a hypothesis that replacenent

of the critical residues in the exosite in the spacer domain
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may generate ADAMIS13 variants that are resistant to binding
and inhibition by autoantibodies from patients with acquired
TTP, while preserving proteolytic activity. Of 24 ADAMISL 3
variants prepared, tw (i.e. M4 and M) exhibited dramatically
enhanced specific activity cleaving VWF73 peptide (Fig. 2) and
multimeric VWF (Fig. 3). More interestingly, these two gain-
of-function variants are nmore resistant than WT and several
other variants to inhibition by nonoclonal and polyclonal

aut oanti bodi es agai nst ADAMIS13 in patients wth acquired
idiopathic TTP (Fig. 4 and Table 1). As shown, 10/12 TTP
patient plasnas (83% do not appear to inhibit proteolytic
activity of M4 and M6, while the sane anount of plasm
conpletely inhibits proteolytic activity of W, M, and M,

but variably M3 under the same conditions. Plasmas from two
patients weakly inhibit M4 and M5 activity (Table 1) . These
results further confirm using the gain-of-function rather than
| oss-of -f unction approaches described in the literature ‘828
the critical role of the exosite in the spacer domain in
substrate recognition and proteolytic cleavage of VW.

Mol ecul ar nodeling of interaction between VW A2 and spacer
domain shows that a5-helix of VW A2 donmain appears to
directly interact with the residues in the exosite 3 (Fig. 6
and data not shown) , prinmarily through hydrophobic
interactions. A substitution of the residues R, F, R, Y, and Y
with K, v, K, F, and F at the positions of 568, 592, 660, 661,
and 665, respectively, appears to increase hydropathy, thereby
hydr ophobic interactions between the exosite 3 and ab5-helix of

the central A2 domain (Fig. 6 and data not shown)

Qur findings also provide novel insight into the
mechani sm underlying pathogenesis of acquired idiopathic TTP
caused by anti-ADAMIS13 autoanti bodies. Despite polyclonal
nature of autoantibodies against ADAMIS13 in patients with TTP
3731, the inhibitory activity of anti-ADMIS1I3 autoantibodies
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appears to be largely nediated through their binding to the
exosite 3 in the spacer donain, as an alteration in this
region dramatically reduced binding of anti-ADAMIS13 |gGs

(Fig. 5) and inhibition by patient plasma autoantibodies (Fig.
4y . Qur results are consistent with those reported by Pos et
al ”, in which a replacenent of R568, F592, R660, Y661, and
Y665 with A abolishes the binding of anti-ADAMIS13 1gGs from
nmost TTP patients ¥ However, alanine substitution results in
| oss-of -f unction of ADAMIS13 variants, which have no val ues

t herapeutically

Qur findings could change the way we treat acquired TTP
with inhibitors. To date, plasm exchange renains the nain

treatnent for acquired TTP patients **'°°.

Pl asma exchange al one
is found to be inadequate to restore deficiency of plasm
ADAMTS13 activity and renove autoantibodies against ADAMIS13
. Infused wild type ADAMIS13 nmay be rapidly neutralized by

| gG autoanti bodies, rendering patients persistent deficiency

of plasma ADAMIS13 activity. Low plasnma ADAMI13 activity and
persi stence of anti-ADAMIS13 1gGs correlate with an increased
rate of relapse ''"%%34  other inmunosuppressive therapies such
as cyclosporine °°36, cycl ophosphani de °7738, rituximab (anti-
CD20 antibody) °’7°8 may reduce the antibody formation, but take
weeks to nonths to have an effect. Therefore, autoantibody-
resistant ADAMIS13 variants may have a value to

i nstantaneously restore plasma ADAMIS13 activity when plasma
exchange is not readily available or delayed. The infused
ADAMTIS13 variants are likely to work despite polyclonal nature
of anti-ADAMIS13 19gGs. The affinity of anti-ADAMIS113 19gGs in
patients with TTP toward various other donmains besides spacer
domain is relatively weak %731 gnj the clearance of plasm
ADAMTIS13 as a result of binding by non-inhibitory 1gG does

not appear to be the primary nechani sm underlying severe
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deficiency of plasnma ADAMIS13 activity in patients wth
acquired TTP *7.

We conclude that subtle alterations of the exosite
binding site in the spacer domain represent a viable strategy
for engineering of ADAMIS13 variants with preserved or
enhanced proteolytic activity but resistant to inhibition by
anti- ADAMIS13 autoantibodies in patients with acquired
i diopathic TTP. The gain-of-f unction variants provide a novel
tool for understanding of the critical role of exosite
interaction for proteolysis of VAW by ADAMIS13. Furthernore,
the antibody-resistant variants underscore the inportance of
exosite 3 and adjacent residues in the spacer domain in
pat hogenesis of acquired TTP caused by autoanti bodi es agai nst
ADAMTS13. Finally, we hope that these variants with desired
properties to be further developed for therapy of acquired TTP

with inhibitors.
EXAMPLE 11

Identification of a Novel Exosite (Qdu®*-Arg63®) in the
Spacer Domain of ADAMIS13 Required for Recognition of Von
W | ebrand Factor

As nentioned above, exosite binding plays a key role in
cl eavage of VWWF by ADAMIS13 (A Disintegrin And Metall oprotease
with ThronmboSpondin type 1 repeats, 13) . Two exosites that are
evolutionarily conserved from zebra fish to manmals have been
identified in the spacer domain by sequence alignnment. Exanple
| provides data showing that exosite 3 in the spacer domain
plays a critical role for substrate recognition (Blood 115:
2300- 10, 2010), and nodification of this exosite generates
ADAMTIS13 variants with inproved specific activity but reduced
aut oanti body binding (Blood 119:3836-43, 2012)

In the present study, using a site-directed nutagenesis

approach, we identified a novel exosite near exosite 3 in the

26



10

15

20

25

30

WO 2013/096793 PCT/US2012/071289

spacer donmain, terned exosite 4, a region between residues
Gu6s4 and Arges’. See Figure 8. A partial (DEx4a:deletion of
Leu632- Asp635 or DEx4b :deletion of Arg636-Arg639 ) or conplete
deletion of the exosite (DEx4) significantly inmpaired
proteolytic activity towards peptidyl VWF73 and nultinmeric
VWF. See Figures 9, and 10. Mrreover, substitution of all
surface exposed residues in Ex4A (LTED AAAA) or Ex4b

(RLPRI AAAA) with alanine had a simlarly detrinmental effect on
proteolytic activity. However, a deletion or nutation of
®2 . TED®3s to al anines caused intracellular retention of the
enzyne. Further studies using deuteriumhydrogen exchange and
mass spectronetry denonstrated that the residues (D632-E642)
were targeted by a human nonoclonal antibody (scFV4-20)
isolated by phage display from an acquired TTP patient. See
Figures 11 and 12.

Figure 13 shows inhibition of murine ADAMIS13 activity
and alteration of VWW multinmers by scFv 4-20. Figure 14 shows
that 4-20 mAb causes acquired TTP triggered by bacterial
shigatoxin . Figure 15 is a graph showing survival rates in
nmce expressing control and inhibitory scFV after being

chal l enged with shiga toxin.

We conclude that the region between residues Leu632 and
AJ u642 is a novel exosite necessary for recognition and
cl eavage of VWA and appears to be inmportant for autoantibody
binding in the case of TTP. Further studies denonstrated that
the residues Asp635 and Arg636 in exosite 4 play a critical
role for substrate recognition. We conclude that the region
between residues G u634 and Arg639 is a novel exosite

necessary for recognition and cleavage of W
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VWhile the invention has been described in detail and with
reference to specific exanples thereof, it will be apparent to
one skilled in the art that various changes and nodifications
can be nade therein without departing fromthe spirit and

scope thereof.
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VWhat is clained is:

1. An isolated gain of function ADAMIS13 vari ant
conprising at |least one anino acid change in the spacer donain
of ADAMIS13, said variant retaining proteolytic activity and
exhibiting resistance to autoantibody inhibition, with the
provision that the am no acid change is not an al ani ne

substitution.

2. The isolated ADAMIS1 3 variant of claim 1, selected
fromthe group consisting of the M variant, the M2 variant,

the M3 variant, the M4 variant and the M5 variant.

3. The isolated ADAMIS1 3 variant of claim 2 which is the

M4 vari ant.

4. The isolated ADAMIS1 3 variant of claim 2 which is the

M5 vari ant.

5. A pharnmaceutical conposition conprising the isolated
ADAMTIS13 variant of claim 1, in a biologically acceptable

carrier .

6. A nethod for the treatnment of TPP conprising
adm nistration of an effective anpbunt of the ADAMIS13 variants
of claim1 in a patient need thereof, said ADAMIS13 variants

inhibiting thronbus formation in said patient.

7. The method of claim e, wherein said variant exhibits
i ncreased proteolytic activity when conpared to wild type
ADAMIS13 and is selected fromthe group of variants consisting

of M4 and M5.

8. The nmethod of claim e, wherein said ADAMIS13 vari ant

is resistant to autoantibody inhibition.
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9. The nethod of claims, wherein said effective anount

of said ADAMIS13 variant is infused into a patient.

10. The nethod of claime, wherein said variant is
delivered to said patient in an AAV vector conprising a

nucl ei ¢ acid sequence encoding said variant.

11.  An ADAMIS13 variant conprising an alteration in
exosite 4 between amino acid residues @u®* and Arg®®, said
variant exhibiting reduced proteolytic activity relative to an

ADAMIS13 nol ecul e | acking said alteration.

12. The ADAMIS13 variant of claim 11, conprising a

partial deletion of exosite 4.

13. The ADAMIS13 variant of claim 11, conprising a

complete deletion of exosite 4.

14. The ADAMIS13 variant of claim 11, wherein al
surface exposed residues in exosite 4 are replaced with

al ani ne .
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